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PREFACE. 


Although  the  importance  and  general  utility  of  the  subjects  treated 
of  in  this  work  are  sufficient  to  recommend  it  to  public  attention,  with- 
out the  aid  of  prefatory  matter,  yet,  since  there  b  an  extensive  variety 
of  nautical  pubUcations  now  extant,  I  think  it  right  to  say  something 
relative  to  what  I  have  done,  were  it  for  no  other  purpose  than  that  of 
satisfying*  the  reader  that  the  present  work  is  widely  different  firom 
any  former  treatbe  on  nautical  and  mathematical  subjects.  IRie  fol« 
lowing  observations  will  develope  my  motives  for  commencing  so 
laborious  an  undertaking. 

In  perusing  the  various  nautical  publications  which  have  appeared 
for  many  years  past,  I  observed  that  they  all  fell  considerably  short  of 
the  objects  at  which  they  professed  to  dm ; — some,  by  being  too  much 
contracted,  and  others  by  not  including  all  the  necessary  tables,  or  by 
being  generally  defective  :  and  that,  therefore,  a  great  deal  renudned  to 
be  done,  particularly  in  the  tabular  parts,  beyond  what  had  yet  been 
brought  before  the  public. 

Of  the  nautical  wo^ks  that  came  under  my  notice,  some  have  proved, 
on  examination,  to  be  so  inaccurately  executed,  as  to  be  entirely  unfit 
for  the  consultation  of  any  person  not  sufficiently  skilled  in  the  mathe* 
matics  to  detect  their  numerous  errors.  Many  of  the  works  in  ques* 
tion  are  extremely  incomplete,  through  their  want  of  particular  tables, 
and  their  logarithms  not  being  extended  to  a  sufficient  number  of 
decimal  places :  such  as  those  by  Mendoza  Rios,  where  the  decimals 
are  only  continued  to  five  places  of  figures,  and  where  the  logarithmic 
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tangents  are  entirely  wanting ;  for,  although  the  addition  of  a  loga^ 
rithmic  sine  and  a  logarithmic  secant  will  always  produce  a  logarithmic 
tangent,  yet  there  are  few  mariners  so  far  acquidnted  with  the  peculiar 
properties  of  the  trigonometrical  canon,  as  to  be  able  to  find  by  Rios'a 
tables  the  arch  corresponding  to  a  given  logarithmic  tangent.*  Hence^ 
when  the  course  and  the  distance  between  two  places  are  to  be  deduced 
from  their  respective  latitudes  and  longitudes,  by  logarithmical  com- 
putation, the  mariner  is  invariably  obliged  to  have  recourse  to  some 
other  work  for  the  necessary  table  of  logarithmic  tangents.  Besides^ 
since  none  of  the  nautical  works  now  in  use  exhibit  the  principles  upon 
which  the  tables  contained  therein  have  been  constructed,  the  mariner 
is  left  without  the  means  of  examining  such  tables,  or  of  satisfying 
himself  as  to  their  aocmracy  f  tlun^  it  is  to  them  that  he  is  obliged 
to  make  continual  reference,  and  on  their  correctness  that  the  safety  of 
the  ship  and  stores,  with  the  lives  of  all  on  board,  so  materially  depend. 

Notwithstanding  that  Mr.  Taylor's  Logarithmical  Tables  are  the 
most  extensive,  the  best  arranged,  and  by  far  the  most  useful  for  astro- 
nomical purposes,  of  any  that  have  ever  appeared  in  print, — ^yet,  since 
dl0|r  do  Bot  ewfeai*  the  ^aoesfiftry  myifpUion  tohlfis^  they  ane  but  §1 
mie  mmf  U  of  wy*  to  tbe  pi»£tical  navigator;  myi^  since  the  muo^ 
rii}>rtia«  tt  f^pplici^bl^  tQ  tbe  very  excelleat  iysteoi  of  tabl^  puUisbcd 
by  the  karwd  Pr«  UuUxm^  tkeae  ve,  also,  ill  adapted  to  nwtical  p«Fr 
hhI  but  rarely  oonsulted  by  nuurjjaers. 

Beiaf  Umm  oooHoced  that  there  was  something  either  deficieiit  or 
Jefecttre  in  all  the  works  that  had  hitherto  been  published  om  tbia 
mAptcif  I  waa  ultinaately  ]ed  to  Uie  conclusion  that  a  gaieral  and  etrn^ 
plete  set  of  Nautical  Tables  was  still  a  desideratum  to  xnarlners  i  with 
|iIm0  aittvictioii  ion  my  mis^  I  w»s  at  length  induced  Co  undertake  the 
JalNmwii  task  of  dcawing  up  the  following  work ;  in  the  proaecutipn  oi 
«rUtb  I  found  it  be(:e8fiary  to  exercise  the  most  determined  pecsever- 
MMa  ^Di  industry,  in  order  to  surmount  the  fatigue  a«d  anxiety 
alitfwlaiit  on  auch  a  long  aeries  oi  difficult  calculations. 

These  points  premised^  it  remains  to  present  to  the  reader  a  familiar 
and  comparative  view  of  the  nature  of  this  work,  and  of  the  io)prove»> 
nenta  that  have  been  made  in  the  tables  immediately  connected  with 
4lie  elenkenta  of  navigation  and  nautical  astronomy:  confining  the 
attention  to  those  that  posseas  the  greatest  claims  to  or^jginality,  or  io 
yhich  the  xnost  useftd  impnovements  have  been  made. 

Xable  Vl.contiins  the  parallaxes  of  the  planets  in  altitude;  and 
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viU  ^  found  particularly  useful  in  deducing  the  apparent  time  from 
the  altitudes  of  the  planets^  and^  also^  in  problems  relating  to  the 
longitude.  The  hint  respecting  this  was  orighially  taken  from  the 
Copenhagen  edition  of  "  The  Pistances  of  the  Planets  from  the  Moon's 
Centre,  for  the  Year  1823;"  but  this  design  has  been  considerably 
enlarged  and  improved  upon. 

TMe  VIII.  is  so  arranged  that  the  mean  astronomical  r^fr^ctton  may 
be  taken  out  at  first  sight,  without  subjecting  the  marine^  tp  the  neces^ 
rity  of  making  proportion  for  the  odd  minutes  of  altitude*  TMf  Ipx* 
piofement  will  have  a  tendency  to  fttcilitate  nautical  ciilcillatlons. 

Table  X. — ^The  arrangement  of  this  table  is  an  Improvement  of  tkiiit 
originally  given  by  the  author^  in  hi?  treatise  catte4  ^'The  Toung 
Navigator's  Guide  to  the  Sidereal  and  Planetaiy  Par^  pf  NautMl 
Astronomy."  By  this  improved  table,  the  correction  of  the  polar  ttar^i 
altitude  may  be  readily  taken  out,  at  sight,  to  the  nearest  i^econd  oC  ^ 
degree,  by  means  of  five  columns  of  proportional  parts ;  and,  to  reoder 
th.e  table  permanent  for  at  least  half  a  century,  the  annu|d  varhltion  of 
that  star's  correction  has  been  carefully  determined  to  the  hundredtti 
part  of  a  second.  By  means  of  this  table^  and  that  which  Imme^lat^ 
follows  (Table  XI.),  the  latitude  may  be  very  correctly  inferred  at  nnj 
Iiour  of  the  night,  in  the  northern  hemisphere,  to  every  degimt  cl 
accuracy  desirable  for  nautical  purposes. 

Tables  XIII.  and  XIV.  contain  the  equations  to  equal  altitudes  of 
die  sun  :  these  have  been  computed  on  a  new  principle,  so  as  to  adapt 
them  to  proportional  logarithms,  by  means  of  which  they  fure  rend^reA 
mfinitely  more  simple  than  those  given  under  the  same  denomination 
in  other  treatises  on  nautical  subjects ;  they  will  be  found  strictly  cor^ 
rect,  and,  from  their  Bimplicity,  a  hope  may  be  entertained  that  the 
truly  correct  and  excellent  method  of  finding  the  error  of  a  watch  or 
chronometer  by  equal  altitudes  of  the  sun,  will  be  brought  into  more 
general  use. 

Tables  XV.  and  XVI.,  which  are  entirely  new,  contain  correct  equa- 
tions for  readily  reducing  the  longitudes,  right  ascensions,  dedinatioas^ 
&c.  &c.,  pf  the  sun  and  moon,  as  given  in  the  Nautical  Ahnanac,  to 
any  given  meridian,  and  to  any  given  time  under  that  meridian. 

Table  XVII.  contains  the  equation  corresponding  to  the  mean  second 
difference  of  the  moon's  place  in  longitude,  latitude,  right  ascension^ 
or  declination  :  this  table,  besides  being  newly-arranged,  will  be  fbtmd 
more  extensive  than  those  under  a  similar  denomination^  usuaHy  met^ 
with  in  books  on  navigation. 

Table  XVIII.  is  so  arranged  as  to  exhibit  the  true  correction  of  the 
moon's  apparent  altitude  corresponding  to  every  second  of  horizontal 
parallax,  and  to  every  minute  of  altitude  from  the  horizon  to  the  zenith  r 
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and  will  prove  very  serviceable  in  all  problems  where  the  moon's  alti- 
tude form's  one  of  the  arguments  either  given  or  required. 

Table  XIX.  is  fully  adapted  to  the  reduction  of  the  true  altitudes  of 
the  lieavenly  bodies,  obtained  by  calculation,  to  their  apparent  central 
altitudes  :  the  reductions  of  altitude  may  be  very  readily  taken  out  to 
the  decimal  part  of  a  second.  This  table  will  be  found  of  considerable 
utility  in  deducing  the  longitude  from  the  lunar  observations,  when  the 
distance  only  has  been  observed. 

Table  XX.  is  new ;  and  by  its  means  the  operation  of  reducing  the 
apparent  central  distance  between  the  moon  and  sun,  a  fixed  star,  or 
planet,  to  the  true  central  distance,  is  very  much  abridged,  as  will 
appear  evident  by  referring  to  Method  I.,  vol.  i.,  page  481,  where  the 
true  central  distance  is  found  by  the  simple  addition  of  five  natural 
versed  sines. 

Table  XXL,  which  is  also  new,  contains  the  correction  of  the 
auxiliary  angle  when  the  moon's  distance  from  a  planet  is  observed : 
this  will  be  of  great  use  in  finding  the  longitude  by  the  moon's  central 
distance  from  a  planet. 

Table  XXIV. — ^The  form  of  this  table  is  entirely  original;  and 
though  it  is  comprised  in  nine  pages,  yet  it  is  so  arranged  that  the 
logarithmic  difference  may  be  obtained,  strictly  correct,  to  the  nearest 
minute  of  the  moon's  apparent  altitude,  and  to  every  second  of  her 
horizontal  parallax.  This  table  will  be  found  of  almost  general  use  in 
the  problem  for  finding  the  longitude  by  the  lunar  observations. 

Table  XXVI.,  which  is  original,  contains  the  correction  of  the 
logarithmic  difference  when  the  moon's  distance  from  a  planet  is. ob- 
served :  this  table  will  be  found  of  great  use  in  computing  the  lunar 
observations  whenever  the  moon's  distance  from  the  planets  appears  in 
the  Nautical  Almanac ;  an  improvement  which,  from  the  advertisement 
prefixed  to  the  late  Almanacs,  may  be  shortly  expected  to  take  place. 

Table  XXVII.;  Natural  Versed  Sines,  &c. — ^The  numbers  correspond- 
ing to  the  first  90  degrees  of  this  table  are  expressed  by  the  arithmetical 
complements  of  those  contained  in  the  Table  of  Natural  Co-sines 
published  by  the  author  in  "The  Young  Navigator's  Guide,"  &c. ;  the 
arithmetical  complement  of  the  natural  cb-sine  of  an  arch  being  the 
natural  versed  sine  of  the  same  arch.  The  numbers  contained  in  the 
remaining  90  degrees  of  this  table  are  expressed  by  the  natural  sines, 
from  the  above-mentioned  work,  augmented  by  the  radius. 

This  table  is  so  arranged  as  to  render  it  general  for  every  arch  con- 
tained in  the  whole  semi-circle,  and  conversely,  whether  that  arch  or 
its  correlative  be  expressed  as  a  natural  versed  sine,  natural  versed  sine 
supplement,  natural  co-versed  sine,  natural  sine,  or  natural  co-sine. 

Table  XXVIII.  is  an  extension  of  that  published  by  the  author  in 
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"The  Young  Navigator's  Guide/'  &c. :  it  is  arranged  in  a  familiar 
manner,  and,  though  concise,  contains  all  the  liumbers  that  can  be 
usefully  employed  in  the  elements  of  navigation  ;  for,  by  means  of  nine 
columns  of  proportional  parts,  the  logarithmic  value  of  any  natural 
number  under  1839999  may  be  obtained  nearly  at  sight,  and  conversely. 
Tables  XXX.,  XXXI.,  and  XXXII.,  have  been  carefully  draWn  up, 
and  proportional  parts  adapted  to  them,  by  means  of  which  the  loga- 
rithmic half-elapsed  time,  middle  time,  and  logarithmic  rising  may  be 
very  readily  taken  out  at  the  first  sight,  and  conversely. 

Table  XXXV.,  Logarithmic  Secants. —  The  arrangement  of  this 
table  is  original,  as  well  as  its  length :  the  numbers  contwied  therein 
are  expressed  by  the  arithmetical  complements  of  those  contained  in 
the  table  of  logarithmic  co-sines  published  by  the  author  in  '^The 
Toung  Navigator's  Guide,"  &c. 

This  table  is  so  drawn  up  as  to  be  properly  adapted  to  every  arch 
expressed  in  degrees,  minutes,  and  seconds,  in  the  whole  semi-circle, 
whether  that  arch  or  its  correlative  be  considered  as  a  secant  or  a  co- 
secant ;  and  by  means  of  proportional  parts,  the  absolute  value  of  any 
arch,  and  conversely,  may  be  readily  obtained  at  sight. 

Table  XXXVI.,  Logarithmic  Sines. — ^This  table  is  rendered  general 
for  every  degree,  minute,  and  second,  in  the  whole  semicircle.  The 
Table  of  Logarithmic  Tangents,  which  immediately  follows,  is  also 
rendered  general  to  the  same  extent ;  and  by  means  of  proportional 
parts,  the  true  value  of  any  arch,  and  conversely,  may  be  instantly  ob- 
tained, without  the  trouble  of  either  multiplying  or  dividing :  this  im- 
provement, to  the  practical  navigator,  must  be  an  object  of  great 
importance,  in  reducing  the  labour  attendant  on  computations  in 
Nautical  Astronomy. 

Table  XXXVIII.  has  been  newly  computed  to  the  nearest  second  of 
timd^  so  that  the  mariner  may  be  readily  enabled  to  reduce  the  time  of 
the  moon's  passage  over  the  meridian  of  Greenwich  to  that  of  her 
passage  over  any  other  meridian.  This  table  will  be  found  very  useful 
in  determining  the  apparent  time  of  the  moon's  rising  or  setting,  and 
also  in  ascertaining  the  time  of  high  water  at  any  given  place  by  means 
of  Table  XXXIX. 

Table  XLII. — ^This  general  Traverse  Table,  so  useful  in  practical 
navigation,  is  arranged  in  a  very  different  manner  from  the  Traverse 
Tables  given  in  the  generality  of  nautical  books ;  and  although  com- 
prised in  38  pages,  is  more  comprehensive  than  the  two  combined 
tables  of  61  pages  usually  found  in  those  books,  under  the  •  head 
"Difference  of  Latitude  and  Departure."  In  this  table,  every  page 
eihibits  all  the  angles  that  a  ship's  course  can  possibly  make  with  the 
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meridian^  expretted  both  in  points  and  degrees ;  which  dotB  away  with 
the  necessity  of  consulting  two  tables  in  finding  the  difference  of  lati^ 
tude  and  departure  corresponding  to  any  given  course  and  distance. 

Table  XLIV.  contains  the  mean  right  ascensions  and  declinatioilS  of 
the  principal  fixed  stars.  The  eighth  column  of  this  table,  which  is 
original,  and  is  intended  to  facilitate  the  method  of  finding  the  latitude 
by  the  altitudes  of  two  fixed  stars  observed  at  any  hour  of  the  night, 
contains  the  true  spherical  distance  between  the  stars  therein  contained 
and  those  preceding  or  abreast  of  them  on  the  same  horizontal  line. 
The  ninth  or  last  column  of  the  page  contains  the  annual  variation  of 
that  distance,  expressed  in  seconds  and  decimal  parts  of  a .  second. 
Gfareat  pains  have  been  taken,  in  order  to  find  the  absolute  value  of  the 
annual  variation  of  the  true  spherical  distance  between  the  fixed  stars ; 
and  the  author  trusts  that  he  has  so  far  succeeded  as  to  render  this 
part  of  the  table  permanent  for  a  long  period  of  yean  suisequent  to  1824. 
Tables  XLV.  and  XLVL,  which  are  adapted  to  the  reduction  of 
sidereal  time  into  mean  solar  time,  and  conversely,  have  been  newly 
constructed  :  these  will  be  found  considerably  more  extensive  and  tinl- 
fbrm,  than  those  generally  given  under  the  same  denomination. 

Tables  LI.  and  LII.  are  entirely  new  :  these  will  be  found  exceed- 
ingly useful  in  finding  the  latitude  by  the  altitude  of  a  celestial  object 
observed  at  certain  intervals  from  the  meridian ;  and  itnce  they  are 
adapted  to  proportional  logarithms,  the  operation  of  finding  the  laU-  < 
tude  thereby  becomes  extremely  simple,  and  yet  far  more  accurate 
than  that  resulting  from  double  altittuleSj  even  after  repeating  a  trouble- 
some operation,  and  then  applying  correction  to  correction. 

Table  LIV. — ^This  table  will  be  of  service  to  Masters  in  the  Royal 
Navy,  to  ofBicers  employed  in  maritime  surveys,  and  to  aU  others  who 
may  be  desirous  of  constructing  charts  agreeably  to  Mercator's  gfin- 
dpies  of  projection^ 

Table  LVI.  will  be  fbimd  essentially  useful  in  reducing  the  French 
centesimal  division  of  the  circle  into  the  English  sexagesimal  division, 
and  conversely ;  and  since  most  of  the  modern  French  works  on  astro- 
nomy are  now  adapted  to  the  centesimal  principle,  this  table  will  be 
found  of  assistance  in  consulting  those  Works ; — nor  will  it  be  of  less 
advantage  to  the  IVench  navigator.  In  enabling  him  readily  to  consult 
the  works  of  the  English  astronomers,  where  the  d^rees,  &c.,  are  ex- 
pressed agreeably  to  the  original  or  sexagesimal  principle. 

Table  LVIL  is  new;  and  although  it  may  not  immediately  aflfect 
the  interest  of  the  mariner^  yet  it  caimot  fail  to  be  useftil  to  ottcefM  in 
charge  of  Her  Majesty's  VictualKng  Stores,  in  consequence  of  the  Act 
of  Parliament  for  the  establishment  of  a  new  ^eneritf  statidaftf  or  int-' 
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IVible  Lt^fl.  contains  the  tatituded  aac(  Iongita<Ies  of  ftl!  the  priftdtMl 
•eft-portflj  islan^s^  capes,  slioals,  rocks,  &c.  &c.  hx  thcf  ktio^m  troffd  ; 
ttete  are  so  arranged  as  to  exhibit  to  the  navigator  the  whole  Hm^  of 
MM  alodg  irliich  he  may  have  occasion  to  sail,  or  on  t«1ilch  he  majr 
Amaee  to  he  employed,  agreeably  to  the  Manner  in  whicfh  H  onfoMs  to 
liis  view  on  a  Mereator's  chart ;  a  mode  of  arrangement  mtreh  better 
idfepfed  to  natiticfal  purposes  than  the  alphabetical.  Bctt  sinee  the 
ttble  ia  not  Intended  for  general  geographical  purnoses,  the  poftitiofM  «f 
phees  ifiladd,  irhteh  do  not  fnifnedlately  condern  the  mariner,  htsft^ 
with  a  few  exceptions,  been  purposely  omitted.  The  tltDe  of  h^h 
water,  at  the  fVfll  and  cK&nge  at  the  moon,  is  given  at  all  ptee^s  where 
it  !i  Itnown  i  which  will  be  found  considerably  more  C'Onvenient  tluM 
mfentag  for  it  to  a  separate  table. 

Tile  Buries  at  latitudes  and  longitudes  that  have  been  established, 
astronomically  and  chronometrically,  by  Captain  William  Fitzwilliam 
Owen,  of  His  Majedtj^s  ship  Eden,  during  his  extensive  survey  along 
die  eoasta  of  Africa,  Arabia,  Madagascar,  Brazil,  &c.,  follows  the  last* 
ttentioifed  table,  have  been  corrected  agreeably  to  a  list  of  Errata  ob* 
Udntd  from  the  Hydrographical  office. 

The  son's  declination  Is  not  given  in  this  work  ;  nor  is  it  necessary 
that  It  shotttd  he,  since  it  is  contained,  in  the  most  ample  manner,  fai 
the  Niauiicai  Almanac  ;  a  work  which  is  so  truly  valuable  to  marinen 
diat  few  now  go  to  sea  without  it ;  the  judicious  never  will. 

Havfaig  thns  taken  a  survey  of  the  principal  part  of  the  Tables,  I 
nrast  briefly  notice  their  Description  and  use  ; — these  will  be  found  tA 
the  commencement  of  the  First  Volume.  The  principles  and  methods 
of  their  eompntation  are  here  fully  detailed ;  and  the  reader  is  furnished 
with  the  means,  in  the  most  simple  formulae,  of  examining  any  part  of 
tile  Tables ;  which  is  far  more  satisfactory  than  trusting  to  the  author's 
mere  word  for  their  entire  accuracy  ;  though,  I  flatter  myself  with  the 
hope  thut,  hi  this  extensive  mass  of  figures,  very  few  errors  will  be 
foond  ^— *at  all  events,  none  ot  principle. 

My  original  plan  had  been  to  close  the  work  with  the  description  and 
me  of  the  Tables,  but  being  apprehensive  that  a  series  of  TaUes  alone^ 
however  well  arranged,  or  clearly  illustrated,  would  not  be  sufficient  to 
ensure  general  acceptation,  I  was  induced  to  show  their  direct  appliea* 
€io&  tb  the  different  elements  connected  with  the  sciences  of  navigation 
tud  nirtiticsd  astronomy,  as  well  as  to  other  snbjects  of  a  highly  inten 
nvtfng  natftre,  sndi  as  the  art  of  gmmery,  &e.  &e.  In  this  part  of  the 
#OflE,  sioae  my.  deslgtir  M  not  extend  beyond  an  ample  ilkmtnrtion  of 
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the  various  mathematical  purpoees  to  which  these  Tables  may  be  ap- 
plied, I  have  restricted  myself  to  the  practical  parts  of  the  sciences  on 
which  I  have  had  occasion  to  touch ;  because  those  are  the  points  which 
most  concern  the  mariner,  and  the  commercial  interests  of  this  mari- 
lime  nation.  Nevertheless,  wherever  it  has  appeared  necessary  to 
notice  the  elementary  parts  of  the  sciences,  reference  has  been  made 
to  relative  problems  in  "  The  Young  Navigator's  Guide,"  where,  Jt  is 
hoped,  the  reader  will  find  his  inquiries  fully  satisfied. 

The  various  sciences  touched  upon  commence  with  a  concise  system 
of  decimal  arithmetic,  and  complete  courses  of  plane  and  spherical 
trigonometry.  In  th^  latter,  the  solution  of  the  quadrantal  triangles 
will  be  found  much  simplified. 

The  practical  parts  of  Navigation  begin  with  parallel  sailing ;  but, 
with  the  view  of  preventing  the  work  from  swelling  to  an  unnecessary 
size,  the  cases  of  plane  sailing,  usually  met  with  in  other  nautical  books, 
have  been  omitted  in  this  i  as  these  are,  in  effect,  no  more  than  a  mere 
repetition  of  the  cases  of  right  angled  plane  trigonometry  under  a  dif- 
ferent denomination.  Middle  latitude  sailing  will  be  found  exceedingly 
simplified  by  means  of  a  series  of  familiar  analogies  or  proportions : 
and  in  Mercator's  sailing  a  series  of  rational  proportions  is  given ;  which, 
it  is  hoped,  may  tend  to  induce  mariners  to  substitute  the  rules  of  reason 
for  the  rules  of  rote  ;  and  thus  do  away  with  the  mistaken  system  of 
getting  canone  by  heart ;  a  system  which  has  too  long  prevailed  in  the 
Royal  Navy. 

The  two  very  useful  sailings,  oblique  and  windward,  which  have  been 
hitherto  little  noticed  by  mariners,  are  also  rendered  so  simple,  parti- 
cularly the  latter,  that  it  is  to  be  hoped  they  will,  ere  long,  be  brought 
into  general  use. 

'  In  current  sailing  (Example  3),  the  true  principles  of  steering  a  vessel 
in  a  current,  or  tideway,  are  familiarly  illustrated.  This  problem  can- 
not fail  of  being  interesting  to  every  person  who  is  at  all  curious  in  the 
art  of  navigation. 

.  The  solution  of  a  problem  in  great  circle  sailing  is  given,  which  will 
be  found  essentially  useful  to  ships  bound  from  the  Cape  of  Good:  Hope 
to  New  South  Wales  :  comprising  a  table  which  exhibits,  at  sight,  all 
the  scientific  particulars  attendant  on  the  true  spherical  track  between 
those  two  places  ;  by  which  it  will  be  seen  that  a  saving  of  685  miles 
may  be  effected  by  sailing  near  the  arc  of  a  great  circle  as  laid  down  in 
that  table  j  which  saving  ought  to  be  an  object  of  very  high  considera- 
tion to  all  ships  bound  from  the  Cape  of  Good  Hope  to  Van  Diemen's 
Land,  or  to  her  Majesty's  colony  at  New  South  Wales,  with  either  troops 
or  convicts ;  because  the  length  of  the  voyage  on  the  old  track,  or  that 
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deduced  from  the  common  principles  of  navigation,  generally  occaaions 
a  great  scarcity  of  fresh  water,  and  this,  eventually,  adds  distress  to 
the  many  privations  under  which  those  on  board  usually  labour.  In 
the  same  problem,  there  is  a  table  showing  the  true  spherical  route 
from  Port  Jackson,  in  New  South  Wales,  to  Valparaiso,  on  the  coast 
of  Chili :  in  this  route  there  is  a  saving  of  7^  miles  when  compared 
with  that  resulting  from  Mercator's  sailing ;  and  this  must  be  of  con- 
siderable importance  to  the  captain  of  a  ship  sailing  between  these 
places,  who  is  desirous  of  making  his  port  in  the  shortest  space  of  time; 
particularly  since  few  ships  can  carry  a  liberal  allowance  of  fresh  water 
to  serve  during  a  passage  which  measures  very  nearly  one-fourth  of  the 
earth's  circumference. 

The  introductory  problems  to  Nautical  Astronomy  will  be  found 
ranged  in  the  most  natural  order ;  all  of  which,  except  those  relating 
to  the  altitudes  of  the  objects,  are  concisely  solved  by  proportional 
logarithms  :  the  greater  part  of  these  will  appear  entirely  new  to  the 
navigator.  The  Vlth  Problem  relating  to  the  latitude  exhibits  the 
method  of  finding  the  latitude  by  an  altitude  of  the  north  polar  star 
taken  at  any  hour  of  the  night,  which  will  be  found  very  useful  in  all 
parts  of  the  northern  hemisphere. — The  Vlllth  Problem  shows  the 
method  of  finding  the  latitude  by  the  altitudes  of  two  stars  taken  at  any 
time  of  the  night,  agreeably  to  the  computed  spherical  distance  betweoi 
them  contained  in  Table  XLIV. ;  this  method  of  ascertaining  the  lati* 
tude  is  general ;  it  will  be  found  very  correct,  and  far  less  troublesome 
than  that  by  double  aUitudes  which  immediately  precedes  it.— Pi:oblems 
IX.,  X.,  XI.,  and  XII.,  contain  new  and  accurate  methods  of  deducing 
the  latitude  from  the  altitudes  of  the  celestial  bodies  observed  at  given 
intervals  from  the  meridian :  the  operation  consists  of  very  little  more 
than  the  common  addiiion  of  three  proportional  logarithms^  and  yet  the 
latitude  resulting  from  it  will  always  be  as  correct  as  that  deduced  from 
the  object's  meridional  altitudes,  provided  the  watch  shows  apparent 
time  at  the  place  of  observation,  and  the  altitudes  be  taken  within  the 
limits  prescribed.  These  problems  will  be  found  highly  advantageous 
to  the^  practical  navigator  \  because,  in  the  event  of  the  sun's,  or  other 
celestial  object's  meridional  altitude  being  neglected  to  be  taken,  or  of 
it's  being  obscured  by  clouds  at  the  time  of  transit,  he  is  thus  provided 
with  the  most  safe  and  ready  means  of  determining  his  latitude  with  as 
much  certainty  as  if  the  altitude  of  the  object  had  been  observed  actu* 
ally  upon  the  meridian  either  above  or  below  the  pole. 

In  the  methods  of  computing  the  altitudes  of  the  heavenly  bodies^ 
the  solutions  to  the  several  problems  are  rendered  exceedingly  concise 
tnd  explicit. 


Tht  ttM,  tVthf  Itth,  ^d  ViCh  Pfbhietm,  relttfirg  to  At  lomgfttid^ 
eodtddt  the  methoAe  tA  Andlng  the  toftgf tode  by  ft  ehraiMietef  and  <h€ 
f  (fgp^eti^^  altitudes  of  tbe  stin,  staM,  planets^  and  the  moon ;  thtf  thrff« 
f  a«t  of  which  will  be  fotind  considentldy  elucidated. 

The  lunar  observations  commence  with  the  Vllth  Problem  on  di€ 
longitude.  In  this  jpffdblem  twelve  methodt  are  given  for  redudng  the 
afiparent  central  distance  between  th^  moon  and  son,  a  flited  staf,  or 
planet,  to  the  tme  centnd  distance ;  several  of  which  are  entirely  oii* 
gfnfti,  and  all  of  them  adapted  to  solve  this  interesting  and  important 
problem  in  the  most  simple  and  expeditions  manner. 

Then  fofldws  a  series  of  problems  relative  to  finding  tbe  variation  at 
the  compass  by  amplitudes,  azimuths,  transits  of  the  fbted  stars  ftfid 
planets,  and  by  ot^servations  of  the  drcumpolar  stars.  Problems  V. 
wnA  y\.  contain  the  methods  of  reducing  or  correcting  the  true  and  the 
mftgneticf  courses,  between  two  places,  agreeably  to  any  ^en  variation 
of  the  compa£».-^An  improved  azimuth  compass  card  is  described  In 
this  part  of  the  work,  which  may  be  applied  to  the  determination  of  the 
longittfde  by  the  lunar  obaervfttions. 

Htke  series  of  problems  for  finding  the  apparent  times  of  the  rising  or 
ifttitig  of  the  eelestid  bodies,  ftnd  of  the  bc^ning  of  the  end  of  tWf^ 
fi^t  i — and  that  for  determining  the  interval  of  time  between  the  rising 
or  setting  of  the  snn^d  npper  Md  Wer  limbs-,  it  Is  hoped  will  prove 
atftfeptable  to  the  lovertj  of  the  science  of  Naotical  Astronomy  ^— Ift^ 
wise  the  art  of  l)laning,  ivhich,  idthough  it  may  appear  foreign  or  irre- 
evant  to  the  pnrsuits  of  the  mftriner,  catmot  fail  to  be  hrterestitig  ttr « 
branch  of  science.    It  is  here  treated  of  |n  a  fkmiHar  manner. 

The  IVth  Ptoblem  in  the  meiiiiiratioft  ot  heights  and  distance^  ex^ 
hibfts  the  method  thereby  the  oiBcery  on  board  tcvo  ships  of  way  can 
re&dlfy  asoertaf n  their  absolute  dhtance  from  any  fort  or  garrison  wj^dr 
they  may  be  directed  to  cannonade  i^tntt/tt  whldi  follow  several  jfro« 
Mems  that  wlft  be  fotmd  eitceedit^y  iiseftil  on  many  military  oceaa^na. 
See  Kemaric  at  page  617 ,  ^d  abd  at  piye  iSSff.    PrcAlem  XI.  showing 
the  fiiethod  6{  rednelng  a  base  litii,  mcsuored  tm  any  elevated  horiamtai 
l^e,  to  Its  true  level  at  the  surAtce  of  the  sea  *,  and  Problem  X1I|.  ex^ 
hibiting  a  neifi'  rule  for  finding  ttur  ineight  of  a  momitain,  or  other  enrf* 
Kieiitfe,  by  means  of  tvro  barometenr  and  ttro  thermometers,mayb«  of  con' 
sidcmble  use  to  efigineera,  or  to  others  employed  in  condacting  lorveys. 
A  irrGibtem  is  also  given  for  finding  the  Ateet  course  steered  by  a  ship 
seen  at  a  distance  i  afld  being  a  sitbject  highly  interarting  to  aD  itatrtieai 
]lfiniona.  It  la  reduced  to  every  ^esirabUr  degree  of  sinrpflcity  both  by 
gwmetry  Md  trfgonometiy. 

All  the  problems  in  Practical  Gunnery  are  readily  solved  by  lOgaritlKM  f 
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labours,  under  the  conviction  that,  whatever  may  be  the  defects  in  its 
execution,  they  will  do  justice  to  my  motives,  in  this  attempt  to  lessen 
the  existing  obstructions  in  the  Mray  of  attaining  a  practical  knowledge 
of  the  elements  of  Navigation  and  Nautical  Astronomy. 


THOMAS  KERIGAN. 


PREFACE 


TO   THE   SECOND    EDITION. 


,  As  the  Edition  now  offered  to  the  Naval  world,  and  to  the  public  in 
general,  differs  essentially  from  the  first  impression,  which  has  been 
for  some  time  back  out  of  print;  I  therefore  think  it  necessary  to  make 
some  allusion  to  the  principal  points  in  which  the  differences  occur ;  for 
these  have  been  productive  of  so  many  important  alterations,  as  to 
change  the  features  of  the  First  Volume  so  far  as  to  make  it  assume  the 
character  of  being  the  Master-Key  to  the  Nautical  Almanac. 

The  first  296  pages  of  Volume  I.  differ  but  little  from  those  in  the 
preceding  Edition  ;  except  that  between  pages  29  and  34,  an  original 
article  has  been  introduced,  exhibiting  a  practicable  method  for  deduc«> 
ing  the  moon's  horizontal  parallax  from  her  observed  meridional  lati- 
tude ;  and  showing  how  the  distances  of  the  sun  and  moon  from  the 
earth  may  be  determined  by  the  inverse  ratio  of  their  parallaxes. 

Between  page  296  and  the  end  of  the  Volume,  all  the  subjects 
relating  to  Astronomy  have  been  remodelled  and  newly  arranged :  this 
became  indispensable,  because  the  new  Nautical  Almanac  differs  so 
very  materially  from  the  old,  that  the  number  of  naval  men  who  are 
perfect  masters  of  its  use,  does  not  amount  to  many  units  :  and,  more- 
over, because  the  element  called  *^  Sidereal  Time,"  (given  in  page  II.  of 
the  Month  in  the  Ephemeris,)  affects  the  principal  part  of  the  calcula- 
tions in  such  a  peculiar  manner,  ths^t  without  a  competent  knowledge 
thereof,  it  would  be  useless  to  attempt  the  solution  of  any  problem 
involving  mean  time  ;  particularly  when  the  moon,  a  fixed  star,  or  a 
planet  comes  under  consideration. — Hence,  I  have  been  induced  to 
draw  up  a  series  of  Articles,  so  as  to  leave  no  point  unexplained  that 
has  any  relation  to  time ;  whether  considered  as  apparent,  mean,  or 
sidereal;  or  that  has  any  affinity  to  the  equation  of  time.  Those 
Articles  are  so  comprehensive,  as  to  define  and  elucidate  every  ele- 
mentary expression  in  the  new  Nautical  Almanac,  that  is  of  any  inte- 
rest to  the  Maritime  world,  from  the  precession  of  the  equinoxes  to  the 
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motion  of  the  imaginary  or  mean  Sun ;  and  thence  down  to  the  golden 
number.  Besides  unfolding  a  considerable  portion  of  the  Ephemeris, 
they  clear  up  a  number  of  curious  and  important  points  relative  to  the 
motions  of  the  earthy  which  have  bitjif  rto  escaped  the  notice  of  mere 
theoretical  writers  on  Navigation  and  Nautical  Astronomy. 

The  Introductory  Problems,  which  begin  at  page  34},  are  solved  in 
such  an  explanatory  manner  as  to  exhibit  the  most  direct  and  practi- 
cable modes  of  apFplying  the  various  elements  in  the  Ephemeris  to  the 
important  purposes  for  which  they  are  designed.  And,  in  every  pro- 
blem that  seemed  to  require  a  specific  illustration^  a  summary  of  its 
theory  is  introduced ;  so  as  to  convey  to  the  mind  of  the  reader  the 
■MMit  fMnilfaur  idea  of  the  spheriefd  principles  upon  which  the  conse- 
fomt  praetleal  rule  in  founded.  * 

The  pffoUem  for  finding  the  longitude  by  means  of  a  chronometer, 
MMUiSfests  the  vm^estionaMe  reason  (page -453)  why  a  timekeeper 
regvdatod  on  ^rtiore,  or  at  an  observatory,  and  then  taken  on  board  a 
ship,  nener  Btuwers  ike  expeciations  of  a  namgator  at  $ea  ;  aiid  it  shows 
a  rational  cause  why  the  rate  of  a  chronometer  should  alwaye  be  de- 
termined on  hoard  the  ship  to  which  it  belongs,  and  never  on  ehore. 
Aware  of  the  difficulty  of  removing  an  old  prejudice,  or  of  doing  away 
with  a  mistaken  custom  of  long  standing,  I  have  therefore  entered 
into  «11  the  details  of  the  argument,  and  intentionally  sacrificed  con- 
ciseness to  clearness  of  expression,  so  as  to  demonstrate,  in  the  most 
ample  manner,  the  easy  practicability  of  establishing  the  error  and  the 
rate  of  a  chronometer  on  board  a  ship,  after  it  has  been  duly  fixed  in 
ka  berth,  or  resting- place. 

In  the  practical  ^ait  of  the  Lunar  Observations,  the  peculiarities 
attendant  on  the  pbases  of  Venus,  accordingly  as  she  may  be  situated  in 
the  iieavens  as  an  evening  or  a  morning  star,  are  pointed  out  in  the 
mcMt  perspicuous  manner  (pi^  ^17)^  ^^^  ^be  purpose  of  preventing 
those  who  are  not  much  versed  in  phjrsical  Astronomy  from  falling  into 
a  mistake  in  observing  an  angular  distance  between  her  enlightened 
Hmb  «nd  tdiat  of  the  mOon. 

Certain  parts  of  the  original  woric  have  been  omitted : — as  thus, 
finding  that  *^the  Method  for  determining  the  Liongitude  on  i^ore  by 
meana  of  an  Altitude  of  the  Moon,'' — though  strictly  correct  in  prin- 
ciple,—^as  not  likely  to  be  of  much  practical  utility,  on  account  of  the 
extreme  d^pree  of  precision  with  which  the  observation  should  be 
made ;  I  have,  therefore,  struck  it  out,  and  substituted  in  its  stead  (but 
jMt  in  the  same  part  of  the  Volume)  a  more  g^erally  useful  and  prac- 
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tJaiUe  ffntfltm}  wbjch  duyws  the  sneCbod  of  deducing  the  km|^tiide 
from  the  transit  of  the  moon's  enlightened  limb  orer  the  meridian  of 
so  observer.  And^  as  the  operation  is  remarkably  simple  and  concise, 
it  will  be  found  nsefid  to  maritime  surveyors^  and  to  all  others  ifho  are 
in  posisession  of  transit  instruments  and  timekeepers. 

With  the  view  of  perfecting  the  Astronomical  part  pf  the  work,  hod 
of  leaving  notUpg  undone  that  could  possibly  conduce  to  the  advance- 
ment of  Navigation;  a  problem  is  therefore  given  (page  530) ,  which 
shows  how  the  longitude  is  to  be  deduced  from  an  occultation  of  a 
fixed  star  or  |d«net  by  the  moon,  or  from  an  eclipse  of  the  sun.  In 
this  problem  the  tgaparenikf  mysterious  doctrine  of  the  occnltatfons  is 
unveiled  and  laid  open  to  the  view  of  the  reader ; — familiar  tenps  are 
substituted  for  the  mystic  abstruseness  of  analytical  expressions; 
and  thus  the  whole  of  that  hitherto  occult  and  highly  interesting  sci- 
ence is  brought  down  to  the  standard  of  ordinary  ca|Micities^  and'  re- 
dneed  to  the  comprehension  of  eveiy  person  who  understands  tlie  use 
of  the  Tiigonometrlcal  Tables.  And,  as  the  formula  which  I  liave  laid 
down  renders  the  calculation  extremely  i&mple  and  free  from  restif e- 
tive  cases,  there  are  good  grounds  for  hoping  that  the  infalMle  method 
of  finding  the  longitude  by  the  occultations  of  the  fixed  stars  &c.,  wlli 
soon  become  as  general  throughout  the  Royal  Navy  as  the  Lfmar 
Obeervations  are  at  present. 

The  Volume  in  question  is  concluded  with  a  series  of  useful  Pro- 
blems ;  the  last  of  which  exposes  the  absurdity  of  supposing  the  earth 
to  1>e  at  rest,  and  the  heavenly  bodies  in  motion  revolving  round  it. 

The  Second  Volume  did  not  admit  of  many  atteraitions,  and  but  very 
few  eorreetions.— 'At  page  611  three  new  Tables  have  been  intro- 
duced ;  these  are  of  vast  importance  in  problems  relating  to  Che  longi- 
tude : — die  prinetples  upon  wliich  those  Tables  are  constructed,  and 
the  uses  for  which  they  are  intended,  wQH  be  found  in  tlie  Explanatory 
Artides,1>etween  pages  336  and  340  of  tbe  KrstVohime.— To  Ae  Tables 
is  subjoined  an  Appendix,  showing  the  method  of  finding  the  ratio  which 
tiie  circumference  of  the  cSrde  1>ears  to  its  diameter  5— <he  method  of 
deducing  the  natural  sines  from  the  cirde  5 — and,  the  method  of  per- 
forming the  celebrated  operation  caUed  "  Tetragonism,"  or  the  squar- 
ing of  the  circle.— As  this  new  and  highly  improved  Edition  is  drawn 
up  in  such  a  manner  as  to  combine  theory  with  an  extensive  practical 
knowledge  of  all  nautical  subjects,— the  latter  being  the  result  of  thirty 
years'  experience  in  the  Royal  Naval  Service  of  Her  Majesty, — it  is 
therefore  particularly  adapted  to  meet  the  wants  and  the  wishes  of 
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Naval  MeDj  tmd  of  all  others  whose  early  entrance  into  the  great 
Maritime  World  may  have  prevented  their  making  much  progress  in 
the  sublime  science  of  Astronomy.  Hence^  in  presenting  this  Work 
to  the  Sons  of  the  Ocean  and  to  the  public  in  general,  I  feel  a  degree  of 
confidence  that  it  will  prove,  on  every  occasion,  to  be  a  confute  Moiter- 
Key,  which  unfolds,  explains,  and  turns  to  direct  application  every 
elementary  expression  that  has  any  relation  to  the  sciences  of  Naviga- 
tion and  Nautical  Astronomy. ' 

THOMAS  KERIGAN. 

J?«r  Mtimty'i  Skip  Pique, 
JmnHmy,  1838. 
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Tablb  L 
To  convert  Longitude,  or  Degrees,  into  Time,  and  conversely* 

THIS  Table  consists  of  six  compartments,  each  of  which  is  divided 
into  two  columns :  the  left-hand  column  of  each  compartment  contains 
the  longitude,  expressed  either  in  degrees,  minutes,  or  seconds ;  and  the 
right-hand  column  the  corresponding  time,  either  in  hours,  minutes, 
seconds,  or  thirds.  The  proper  signs,  for  degrees  and  time,  are  placed  at 
the  top  and  bottom  of  their  respective  columns  in  each  compartment,  with 
the  view  of  simplifying  the  use  of  the  Table :-— hence  it  will  appear  evident 
that  if  the  longitude  be  expressed  in  degrees,  the  corresponding  time  will 
be  either  in  hours  or  minutes ;  if  it  be  expressed  in  minutes,  the  corre- 
sponding time  will  be  either  in  minutes  or  seconds ;  and  if  it  be  expressed 
in  seconds,  the  corresponding  time  will  be  expressed  either  in  seconds  or 
thirds,   llie  converse  of  this  takes  place  in  converting  time  into  longitude. 

The  extreme  simplicity  of  the  Table  dispenses  with  the  formality  of  a 
rule  in  showing  its  use,  as  will  obviously  appear  by  attending  to  the  follow- 
ing examples. 

,  Example  1. 

Required  the  time  corresponding  to  47°47'47^  of  longitude  ? 

47  degrees,  time  answering  to  which  in  the  Table  is  3*  8?  0!  Of 
,     47  minutes,  answering  to  which  is     •     •    .     .  0.  3.  8.  0 

.     47  seconds,  answering  to  which  is    •    .     .  0.  0.  3.  8 

_  ■ 

Lon,47?47-47^  the  time  corresponding  to  which  is    •  3M1T11?8! 

B 
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Example  2. 

Required  the  longitude  corresponding  to  the  given  time  8*52*28!  ? 
8  hours,  longitude  answering  to  which  in  the  Table  is     120?0'0^ 

•  52  minutes,  answering  to  which  is     .     .     •     .     .     t     13.0.0 

•  •    28  seconds,  answering  to  which  is      •    •    •     •      0. 0. 7 

Time8t52T28?,  the  longitude  corresponding  to  which  is   •  133?0'7^ 

Besides  the  use  of  this  Table  in  the  reduction  of  longitude  into  time, 
and  the  contrary,  it  will  also  be  found  very  convenient  in  problems  relating 
to  the  Moon,  where  it  becomes  necessary  to  turn  the  right  ascension  of 
that  object  into  time. 

Example. 

The  right  ascension  of  the  Moon  is  355?44'48^5  required  the  corre- 
sponding time  ? 

355  degrees,  time  answering  to  which 

in  the  Table  is  .     .....  23*40r  0!  Of 

•    44  minutes,  answering  to  which  is       0.    2. 56.   0 
,    48  sees.)  answering^ to  whieh  is       0.  0.  3.12 

Right  ascension  355?44U8^9  the  time  corresponding  to 

which  is      ....    23U2?59!12f 

Since  the  Earth  makes  one  complete  revolution  on  its  axis  in  the  tpaca 
of  24  hours,  it  is  evident  that  every  part  of  the  equator  will  describe 
a  great  circle  of  360  degrees  in  that  time,  and,  consequently,  pass 
the  plane  of  any  given  meridian  once  in  every  24  hours ;  whence  it  is 
manifest  that  any  given  number  of  degrees  of  the  equator  will  bear  the 
same  proportion  to  the  great  circle  of  360  degrees  that  the  corresponding 
time  does  to  24  hours;  and  that  any  given  portion  of  time  will  be  in  the 
same  ratio  to  24  hours  that  its  corresponding  number  of  degrees  is  to  360. 

Now  ^ince  24  hours  are  correspondent  or  equal  to  360  degrees,  1  hour 
must,  therefore,  be  equal  to  15  degrees ;  1  minute  of  time  equal  to  15 
minutes  of  a  degree;  1  second  of  time  to  15  seconds  of  a  degree,  and  so 
on.  And  as  1  minute  of  time  is  thus  evidentiy  equal  to  15  minutes  or  one 
fourth  of  a  degree,  it  is  very  clear  that  4  minutes  of  time  are  exacdy  equal 
to  1  degree ;  wherefore  since  degrees  and  time  are  similarly  divided,  we 
have  the  following  general  rule  for  converting  longitude  into  time,  and 
vice  versOm 

Multiply  the  given  degrees  by  4,  and  the  product  will  be  the  corre- 
sponding time :— observing  that  seccmds  multiplied  by  4  produce  thirds ; 
minutes,  so  multiplied,  produce  seconds,  and  degrees  minutes ;  which, 
divided  by  60^  will  give  hours.    Ttyt  converse  of  this  is  evident  s— thus^ 
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itdocc  the  hoan  to  minutes ;  then  these  minutes,  divided  hy  4,  will  give 
direct  I  the  seconds,  ao  divided,  will  give  minutes,  and  the  thirds,  if  any, 
seconds.  Hence  the  principles  upon  which  the  Table  has  been  computed. 
Hie  fbllowing  examples  are  given  for  the  purpose  of  illustrating  the  above 
mle. 


JExample  \. 

Required  the  time  corresponding 
to36?44^32r? 

GKiren  degrees  =  86?44'32r 
Multiplied  by  4 

Corresponding  time  2 !  26?5 8 !  8 ! 


Example  2. 

Required  the  degrees  correspond' 
ingto3*45r48f20f? 

Given  time=3*45T48!20f 

60 


Divide  by    4)225.48.20 
Corresponding*  degs.  56?27-5^ 


Tablb  II. 

Depression  of  the  Horizmi. 

The  depression  or  dip  of  the  horizon  is  the  angle  contained  between  a 
horixontal  line  passing  through  the  eye  of  an  observer,  and  a  line  joining 
his  eye  and  the  visible  horizon. 

This  Table  contains  the  measure  of  that  angle,  which  is  a  correction 
expressed  in  minutes  and  seconds  answering  to  the  height  of  the  observer's 
eye  above  the  horizon ;  and  which  being  subtracted  from  the  observed 
central  altitude  of  a  celestial  object,  when  the  fore  observation  is  used,  or 
added  thereto  in  the  back  observation,  will  show  its  apparent  central  altitude. 
The  corrections  in  this  Table  were  deduced  from  the  following  considera- 
tions, and  agreeably  to  the  principles  established  in  the  annexed  diagram. 


Let  the  small  circle 
A  B  C  e  represent  the 
terrestrial  globe,  and  eO 
the  height  of  the  ob- 
server's eye  above  its 
surface  ;  then  HOQ, 
drawn  parallel  to  a  tan- 
gent line  to  the  surface 
at  f,  will  be  the  true  or 
sensible  horizon  of  the 
observer  at  O;  and  O  P, 
touching  the  surface  at 
T,  the  apparent  horizon. 


b2 


4  DX8CRIPTI0K  AND  USB  OF  tHB  TABLES. 

Let  S  be  an  object  whose  altitude  is  to  be  taken  by  a  fore  observation, 
by  bringing  its  image  in  contact  with  the  apparent  horizon  at  P ;  then  the 
angle  SOP  will  be  the  apparent  altitude,  which  is  evidently  greater  tlian 
the  true  altitude  S  O  H  by  the  arc  P  H,  expressed  by  the  angle  of  horizontal 
depression  P  O  H.  But  if  the  altitude  of  the  object  S  is  to  be  taken  by  a 
back  observation,  then,  the  observer's  back  being  necessarily  turned  to  the 
object,  his  apparent  horizon  will  be  in  the  direction  O  F,  and  his  whole 
horizontal  plane  represented  by  the  line  D  O  F ;  in  which  case  his  back 
horizon  O  D,  to  which  he  brings  the  object  S,  will  be  as  much  elevated  above 
the  plane  of  the  true  horizon  H  O  Q  as  the  apparent  horizon  O  F  will  be 
depressed  belowlt  i  because,  when  two  straight  lines  intersect  each  other,  the 
opposite  angles  will  be  equal.  (Euclid,  Book  I.,  Prop.  15.)  In  this  case  it  is 
evident  that  the  arc  or  apparent  altitude  S  D  is  too  little;  and  that  it  must 
be  augmented  by  the  arc  D  H  =  the  angle  of  horizontal  depression  F  O  Q, 
in  order  to  obtain  the  true  altitude  S  H.  Hence  it  is  manifest  that  altitudes 
taken  by  the  fore  observation  must  be  diminished  by  the  angle  of  horizontal 
depression,  and  that  in  back  observations  the  altitudes  must  be  increased  by 
the  value  of  that  angle. 

The  absolute  value  of  the  horizontal  depression  may  be  established  in 
the  following  manner : — From  where  the  apparent  horizon  O  P  becomes  a 
tangent  to  the  earth's  surface  at  T  (the  point  of  contact  where  the  sky  and 
water  seem  to  meet)  let  a  straight  line  be  drawn  to  the  centre  E,  and  it 
will  be  perpendicular  to  OP  (Euclid,  Book  III.,  Prop.  18) :  hence  it  is 
obvious  that  the  triangle  E  T  O  is  right-angled  at  T.  Now,  because  O  T  is 
a  straight  line  making  angles  from  the  point  O  upon  the  same  side  of  the 
straight  line  O  E,  the  two  angles  E  O  T  and  TO  H  are  together  equal  to  the 
angle  EOH  (Euclid,  Book  I.,  Prop.  13) ;  but  the  angle  EOH  is  a  right 
angle;  therefore  the  angle  of  depression  TOH  is  the  complement  of  the 
angle  E  OT,  or  what  the  latter  wants  of  being  a  right  angle :  but  the  angle 
T  E  O  is  also  the  complement  of  the  angle  EOT  (Euclid,  Book  I.,  Prop.  32); 
therefore  the  angle  T  E  O  is  equal  to  the  angle  of  horizontal  depression ; 
for  magnitudes  which  coincide  with  one  another,  and  which  exactly  fill 
up  the  same  space,  are  equal  to  one  another.  Then,  in  the  right-angled 
rectilineal  triangle  E  T  O,  there  are  given  the  perpendicular  T  E,  =3  the 
earth's  semidiameter,  and  the  hypothenuse  E  O,  =  the  sum  of  the  earth's 
semidiameter  and  the  height  of  the  observer's  eye,  to  find  the  angle  TEG 
as  the  angle  of  horizontal  depression  TOH : — hence  the  proportion  will  be, 
as  the  hypothenuse  E  O  is  to  radius,  so  is  the  perpendicular  T  E  to  the 
cosine  of  the  angle  T  E  O,  which  angle  has  been  demonstrated  to  be  equal 
to  the  angle  of  horizontal  depression  HOP.  But  because  very  small  arcs 
cannot  be  strictly  determined  by  cosines,  on  account  of  the  differences  being 
so  very  trivial  at  the  beginning  of  the  quadrant  as  to  run  several  seconds 
without  producing  any  sensible  alteration,  and  there  being  no  rule  for  showing 
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wbj  one  second  should  be  preferred  to  another  in  a  choice  of  so  many,  the 
fallowing  method  is  therefore  given  as  the  most  eligible  for  computing  the 
tme  vafaie  of  the  horizontal  depression,  and  which  is  deduced  from  the 
36th  Prop,  of  the  third  Book  of  Euclid. 

Because  the  apparent  horizon  O  P  touches  the  earth's  surface  at  T,  the 
qoare  of  the  line  O  T  is  equal  to  the  rectangle  contained  under  the  t\vo 
lines  CO  and  eO.  Now  as  the  earth's  diameter  is  known  to  be  41804400 
En^iah  feet^  and  admitting  the  heiglit  of  the  observer's  eye  6  O  to  be  290 
feet  above  the  plane  of  the  horizon ;  then^  by  the  proposition,  the  square 
rootof  CO,  41804690  x  cO,  290=  the  line  OT,  110105.75  feet;  the 
dbtance  of  the  visible  horizon  from  the  eye  of  the  observer  independent 
of  terrestrial  refraction. 

Tlien,  in  the  right-angled  rectilineal  triangle  E  T  O,  there  are  given  the 
perpendicular  £T  =  20902200  feet,  the  earth's  semidiameter,  and  the  base 
OT  =  1 10105. 75,  to  find  the  angle  T  £ O.    Hence, 

• 

As  the  perpendicular  TE  =  20902200  feet,  log.  arith.  compt.r=  2. 679808 
Is  to  the  radius  •  •  •  •  90?0'0T  log.  sine  .  •  •  10.000000 
SoisthebaseOTs  .    .  110105.75  feet,  log 5.041810 


TotheangleTEO=      •     187^=  log.  tang.  .    .    .     7.721618 

But  it  has  been  shown  that  the  angle  TEO,  thus  found,  is  equal  to  the 
angle  HOP;  therefore  the  true  value  of  the  angle  of  horizontal  depression 
HOP,  is  18^7^  Now,  according  to  Dr.  Maskelyne,  the  horizontal  de- 
pression is  affected  by  terrestrial  refraction,  in  the  proportion  of  about  one- 
tenth  of  the  whole  angle ;  wherefore,  if  from  the  angle  of  horizontal 
depression  18^7^  we  take  away  the  one-tenth,  viz.  K49^,  the  allowance 
for  terrestrial  refraction,  there  will  remain  16H8f  for  the  true  horizontal 
depression,  answering  to  290  feet  above  the  level  of  the  sea.  The  prin- 
ciples  being  thus  clearly  established,  it  iS  easy  to  deduce  many  simple  for- 
mulae therefrom,  for  the  more  ready  computation  of  the  horizontal  de- 
pression }  of  which  the  following  will  serve  as  an  example. 

To  the  proportional  log.  of  the  height  of  the  eye  in  feet,  (estimated  as 
seconds,)  add  the  constant  log.  .4236,  and  half  the  sum  will  be  the  propor- 
tional log.  of  an  arc ;  which  being  diminished  by  one-lenth,  for  terrestrial 
refraction,  will  leave  the  true  angle  of  horizontal  depression. 

Example. 

Let  the  height  of  the  eye  above  the  level  of  the  sea  be  290  feet,  required 
the  depression  of  the  horizon  corresponding  thereto  ? 
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Height  of  the  eye  290  feet,  esteemed  as  8ecs.s4'50r,  propor.Iog.=sI.  5710 
Constantlog **38 

Sums  1.9946 


method. 


Arcs 18:7?    Proportional  log.   .9973 

Deduct  one- tenth     =>     1.49|  for  terrestrial  refraction. 

True  horizontal  depression   16^  ISr,  the  same  as  by  the  direct 


In  using  the  Table,  it  may  not  be  unnecessary  to  remark  that  it  is  to  be 
entered  with  the  height  of  the  eye  above  the  level  of  the  sea,  in  the  column 
marked  Height^  ^c. }  opposite  to  which,  in  the  following  column,  stands 
the  corresponding  correction ;  which  is  to  be  subtracted  from  the  observed 
altitude  of  a  celestial  object  when  taken  by  the  fore  observation ;  but  to  be 
added  thereto  when  the  back  observation  is  used,  as  before  stated.  Thus 
the  dip,  answering  to  20  feet  above  the  level  of  the  sea,  is  4^  17? 


Tablb  III. 
Dtp  qfthe  Horizon  at  different  Distances  Jrom  the  Observer. 

If  a  ship  be  nearer  to  the  land  than  to  the  visible  horizon  when  uncon<- 
fined,  and  that  an  observer  on  board  brings  the  image  of  a  celestial  object 
in  contact  vrith  the  line  of  separation  betwixt  the  tea  and  land,  the  dip  of 
the  horizon  will  then  be  considerably  greater  than  that  given  in  the  preced* 
ing  Table,  and  will  increase  as  the  distance  of  the  ship  from  the  land 
diminishes :  in  this  case  the  ship's  distance  from  the  land  is  to  be  estimated, 
with  which  and  the  height  of  the  eye  above  the  level  of  the  sea,  the  angle 
of  depression  is  to  be  taken  from  the  present  Table.  Thus,  let  the  distance 
of  a  ship  from  the  land  be  1  mile,  and  the  height  of  the  eye  above  (he 
sea  30  feet ;  with  these  elements  enter  the  Table,  and  in  the  angle  of 
meeting  under  the  latter  and  opposite  to  the  former  will  be  found  17  • 
which,  therefore,  is  the  correction  to  be  applied  by  subtraction  to  thi 
observed  altitude  of  a  celestial  object  when  the  fore  observation  is  ttsed| 
and  vice  versa. 

The  corrections  in  this  Table  were  computed  after  the  following  manner  | 
viz.,— 

Let  the  estimated  distance  of  the  ship  from  the  land  represent  the  base 
of  a  right-angled  triangle,  and  the  height  of  the  eye  above  the  level  of 
the  sea  its  perpendicular;  then  the  dip  of  the  horizon  will  be  expressed 
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by  the  measure  of  the  angle  opposite  to  the  perpendicolar :  hence^  since  the 
Inse  and  perpendicular  of  that  triangle  are  known^  we  have  the  following 
general 

Jtide.^-^As  the  base  or  ship's  distance  from  the  land^  is  to  the  radius^  so 
is  the  perpendicular,  or  height  of  the  eye  above  the  level  of  the  sea  to  the 
tangent  of  its  <^posite  angle,  which  being  diminished  by  one-tenth,  on 
account  of  terrestrial  refraction,  will  leave  the  correct  horizontal  dip,  as  in 
the  subjoined  example. 

Let  the  distance  of  a  ship  from  the  land  be  1  mile,  and  the  height  of 
the  eye  above  the  level  of  the  sea  25  feet,  required  the  corresponding 
horizontal  dip 

As  distance  1  mile,  or  5280  feet.  Logarithm  Ar.  Comp.=:  6. 277S66 
Istoradhis  •  .  .  90?,  Logarithmic  Sine  .  .  10.000000 
So  is  height  of  the  eye      25  feet.  Logarithm    ....     1.397940 


To  Angle 16'.  17^= Log. Tang.  =  7.675306 

Deduct  one-tenth  for  terrestrial 

refraction 1.37 


True  horizontid  dip  a    .    •    .       14U0?,  or  15 '  nearly  as  in  the  Table. 

JZenorL-^Altfaough  a  skilful  mariner  can  always  estimate  the  distance 
of  a  ship  frt>m  the  shore  horizon  to  a  sufficient  degree  of  accuracy  for 
taking  out  the  horizontal  dip  from  the  Table,  yet  since  some  may  be  de- 
sirous of  obtaining  the  value  of  that  dip  independently  of  the  ship's  dis- 
tance from  the  land,  and  consequently  of  the  Table,  the  following  rule  is 
pven  for  their  guidance  in  such  cases  :— - 

Let  two  observers,  the  one  being  as  near  the  mast  head  as  possible,  and 
the  other  on  deck  immediately  under,  take  the  sun's  altitude  at  the  same 
instant.  Then  to  the  arithmetical  complement  of  the  logarithm  of  the 
difference  of  the  heights,  add  the  logarithm  of  their  sum,  and  the  loga- 
rithmic sine  of  the  difference  of  the  observed  altitudes ;  the  sum,  rejecting 
10  from  the  index,  will  be  the  log.  sine  of  an  arch  ;  half  the  sum  of  which 
and  the  difference  of  the  observed  altitudes  will  be  the  horizontal  dip  cor- 
responding to  the  greatest  altitude,  and  half  their  difference  will  be  that 
eorresponding  to  the  least  altitude. 

Example, 

Admit  the  height  of  an  observer's  eye  at  the  main- topmast  head  of  a  ship 
close  in  with  the  land,  to  be  96  feet,  that  of  another  (immediately  under) 
on  deck  24  feet ;  the  altitude  of  the  sun*s  lower  limb  found  by  the  former 
to  be  S9?d7%  &nd  by  the  latter,  taken  at  the  same  instant,  39?21 ';  required 
the  dip  of  the  shore  horizon  corresponding  to  each  altitude  ? 
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Height  of  mast  head  observer  96  feet. 
Height  of  deck  observer    •    24  do.     . 

Difference  of  heights  •  .  72  do.,  Log.  Ar.Comp.=:8. 142667 
Sum  of  ditto  ....  120  do.  Logarithm  .  2.079181 
Difference  of  altitudes    •        16 1         Log.  sine       •    7*  667845 

Arch  =  26:40r  Log.  sine  7.889693 

Sum    =  42U0'/,i=:2i:20r=diptothegreate8theight 
Diff.     =  10. 40, 1=  5. 20=dip  to  the  least  height. 

Note. — ^When  the  dip  answering  to  an  obstructed  horizon  is  thus  care- 
fully determined,  the  ship's  distance  from  the  land  may  be  ascertained  to 
the  greatest  degree  of  accuracy  by  the  following  rule :  viz.  As  the  Log. 
tangent  of  the  horizontal  dip  of  the  shore  horizon  is  to  the  logarithm  of 
the  height  of  the  eye  at  which  that  dip  was  determined,  so  is  radius  to  the 
true  distance. 

Thus,  in  the  above  example  where  the  horizontal  dip  has  been  deter- 
mined to  the  corresponding  height  of  the  eye  and  difference  of  altitudes. 

As  horizontal  dip  =  5 '20^  Log.  tang.  ar.  compt.=2.  809275 
Is  to  the  height  of  the  eye  24  feet.  Logarithm  .  .  .  1 .  3802 1 1 
So  is  radius  .     .     •     .     90?        Logarithmic  sine    •     10.000000 

To  true  distance      .    .     15469.8  feet    .    Logarithm=4. 189486 

The  same  result  will  be  obtained  by  using  the  greatest  dip  and  its  cor- 
responding height ;  and  since  the  operation  is  so  very  simple,  it  cannot 
fail  of  being  extremely  useful  in  determining  a  ship's  true  distance  from 
the  shore. 


Tablb  IV. 

Augmentation  of  the  Moon* 8  Semidiameter. 

Since  it  is  the  property  of  an  object  to  increase  its  apparent  diameter  in 
proportion  to  the  rate  in  which  its  distance  from  the  eye  of  an  observer  is 
diminished  ;  and,  since  the  moon  is  nearer  to  an  observer,  on  the  earth, 
when  she  is  in  the  zenith  than  when  in  the  horizon,  by  the  earth's  semi- 
diameter;  she  must,  therefore,  increase  her  semidiameter  by  a  certain 
quantity  as  she  increases  her  altitude  from  the  horizon  to  the  zenith.  This 
increase  is  called  the  augmentation  of  the  moon's  semidiameter,  and  de- 
pends upon  the  following  principles. 
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Lei  the  circle  A  B  C  D 
represent  the  earth ;  A  E 
its  semidiaineterj  and  M 
the  moon   in    the    hori- 
lon.    Let  A  represent  the 
place  of  an  observer  on  the 
earth's    surface ;    B  D  M 
his  rational  horizon,  and 
H  A  O,    drawn     parallel 
thereto,  his  sensible  hori- 
zon extended  to  the  moon's 
orbit ;   join    A  M,    then 
A  M  E  is  the  angle  under 
which  the   earth's  semi- 
diameter  A  E  is  seen  from 
the  moon  M,  which    is 

equal  to  the  angle  M  A  O,  the  moon's  horizontal  parallax ;  because  the 
straight  line  A  M  which  falls  upon  the  two  parallel  straight  lines  E  M  and 
A  O  makes  the  alternate  angles  equal  to  one  another.(Euclid,  Book  L  Prop. 
29.)  Let  the  moon's  horizontal  parallax  be  assumed  at  57 -30^,  which  is 
about  the  parallax  she  has  at  her  mean  distance  from  the  earth ;  then  in  the 
right  angled  triangle  A  E  M,  there  are  given  the  angle  A  M  E=s57 ^30?,  the 
moon's  horizontal  parallax,  and  the  side  A  E=3958. 75  miles,  the  earth's 
semidiameter ;  to  find  the  hypothenuse  AM=:the  moon's  distance  from 
the  observer  at  A  :  hence  by  trigonometry. 

As  the  angle  at  the  moon,  A  M  E=57'30T  Log.  sine  ar.  comp.  1. 776626 
Is  to  the  earth's  semidiameter=A  E=3958. 75  miles.  Log.  .  3. 597558 
So  is  radius 90?     .     .    .    Log.  sine  10. 000000 

To  moon's  horizontal  distance  A  M=236692.35  miles,  Log.  .    5. 374184 


Now,  because  the  moon  is  nearer  to  the  observer  at  A,  by  a  complete 
semidiameter  of  the  earth  when  in  the  zenith  Z,  than  she  is  when  in  the 
horizon  M,  as  appears  very  evident  by  the  projection ;  and,  because  the 
earth's  semidiameter  A  E  thus  bears  a  sensible  ratio  to  the  moon's  distance ; 
it  hence  follows  that  the  moon's  semidiameter  will  be  apparently  increased 
when  in  the  zenith,  by  a  small  quantity  called  its  augmentation;  and 
which  may  be  very  clearly  illustrated  as  follows,  viz. 

Let  the  arc  Z  O  M  represent  a  quarter  of  the  moon's  orbit ;  Z  her  place 
in  the  zenith,  and  Z  S  her  semidiameter  :  join  E  Z,  A  S,  and  E  S ;  then  the 
angles  Z  E  S  and  Z  A  S  will  represent  the  angles  under  which  the  moon's 
semidiameter  is  seen  from  the  centre  and  surface  of  the  earth  j  their  diffe* 
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rence^  viz.,  the  angle  A  S  E  is,  therefore,  the  augment&tion  of  the  moon's 
semidiameter,  which  may  be  easily  computed ;  thus — 

In  the  oblique  angled  triangle  ASE,  there  are  given  the  side 'A  B 
=3958. 75  miles,  the  earth's  semidiameter ;  the  side  A  8,;:=  A  M  —  A  E=b 
232733. 6  miles,  the  moon's  distance  when  in  the  zenith  from  the  observer 
at  A ;  and  the  angle  A E  S=15'  30*,  the  moon's  mean  semidiameter;  to 
find-  the  angle  AS£=the  greatest  augmentation  corresponding  to  the 
given  horizontal  parallax  and  horizontal  semidiameter :  therefore, 

As  moon's  zenith  distance  =  A  2=232733. 6  miles,  Log.  ar.  co.  4. 633141 
Is  to  moon's  semidiameter     AES  =  15 '30^  Log.  sine     7*  654056 

So  is  earth's  semidiameter     E  A  =  3958. 75  miles,  Log.  •    •    3. 597558 

To  augment,  of  semidiam.      A  S  E  =  0^  16^  Log.  sine     5. 884755 

Now,  having  thus  found  the  augmentation  of  the  Moon's  semidia- 
meter, when  in  the  zenith,  answering  to  the  assumed  horizontal  parallax 
and  horizontal  semidiameter ;  the  increase  of  semidiameter  at  any  given 
altitudei  from  the  horizon  to  the  zenith,  may  be  computed  in  the  following 
manner. 

Let  S  A  be  produced  to  F.  and  draw  E  F  parallel  to  Z  S  j  then  will  E  F 
represent  the  greatest  augmentation  to  the  radius  E  Z.  Let  the  moon 
be  in  any  other  part  of  her  orbit,  as  at D  with  an  alUtude  of  45  degrees; 
join])Ey  and])F9  and  makeDG=])E]  then  will  EG  (the  measure  of 
the  angle  ED  G  to  the  radius  E]) ,)  be  the  augmentation  corresponding  to 
the  giveh  altitude.  Then,  in  the  right  angled  triangle  EGF,  right 
angled  at  G,  there  are  given  the  angle  E  F  G=45  degrees,  the  moon's 
apparent  altitude,  and  the  side  E  F=16  seconds,  the  augmentation  of 
semidiameter  when  in  the  zenith ;  to  find  the  side  E  G,  which  expresses 
the  augmentation  of  semidiameter  at  the  given  altitude.  And,  since  the 
angles  expressing  the  augmentations  are  so  very  small,  the  measure  of  each 
may  be  substituted  for  its  sine,  which  will  simplify  the  calculation ;  thus, 

As  radius 90?0'0^  Log.  sinear.  comp.    0.000000 

Is  to  moon's  greatest  augment,  of  semidiam.=E  F  16^,  Log.  =  1 .  204120 
So  is  moon^s  given  apparent  alt.=  ^  E  FG,  45?     Log.  sine  =  9. 849485 

To  the  augmentation^  or  side  E G  =  1  P.  31 .     Log.  s  1 .  053605 

which,  dierefore,  is  the  augmentation  of  the  moon's  semidiameter  oor« 
responding  to  the  given  apparent  altitude  of  45  degrees ;  horizontal  semi« 
diameter  15 :30r  and  horizontal  parallax  57  *  30^ 

Explanation  of  the  Table. 

This  Table  contains  the  augmentation  of  the  moon's  semidiameter  (de* 
termined  after  the  above  manner^)  to  every  third  degree  of  altitude :  the 
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■ngmeiitfttioii  is  expressed  in  seconds^  and  is  to  be  taken  out  by  entering 
the  Table  with  the  moon's  horizontal  scmidiameter  at  the  top,  as  given  in 
the  Nantical  Almanae^  and  the  apparent  altitude  in  the  left-hand  column  ; 
in  the  angle  of  meeting  will  be  found  a  correction,  which  being  applied 
by  addition  to  the  moon's  horizontal  scmidiameter  will  gire  the  true  semi- 
diameter^  corresponding  to  the  given  altitude.  Thus  the  augmentation 
answering  to  moon's  apparent  altitude  30  degrees,  and  horizontal  semi- 
diameter  16^30?  is  9  seconds;  and  that  corresponding  to  altitude  60? 
and  temidiameter  16^  is  14  seconds* 


«n 


Tablb  V. 
Omtraciion  of  the  semdiameien  qftlie  Sm  and  Moon. 

Since  all  parts  of  the  horizontal  scmidiameter  of  the  sun  or  moon  are 
equally  elevated  above  the  horizon,  all  those  parts  must  be  equally  affected 
by  refraction,  and  thereby  cause  the  horizontal  scmidiameter  to  remain 
invariable.  But  when  the  scmidiameter  is  inclined  to  the  plane  of  the 
horizon,  the  lower  extremity  will  be  so  much  more  affected  by  refraction 
than  the  upper,  as  to  suffer  a  sensible  contraction,  and  thus  cause  the 
semidiameter,  so  inclined,  to  be  something  less  than  the  horizontal  scmi- 
diameter given  in  the  Nautical  Almanac.  Hence  it  is  manifest  that  the 
semidiameter  of  a  celestial  object,  measured  in  any  other  manner  than 
that  parallel  to  the  plane  of  the  horizon  will  be  always  less  than  the  true 
semidiameter  by  a  certain  quantity  : — this  quantity,  called  the  contraction 
of  semidiameter  is  contained  in  the  present  Table ;  the  arguments  of 
which  are,  the  apparent  altitude  of  the  object  in  the  left-hand  column,  and 
at  the  top  the  angle  comprehended  between  the  measured  diameter  and 
that  parallel  to  the  plane  of  the  horizon ;  in  the  angle  of  meeting  will  be 
found  a  correction,  which  being  subtracted  from  the  horizontal  semi- 
diameter in  the  Nautical  Almanac,  will  leave  the  true  semi-diameter. 
Thus,  let  the  sun's  or  moon's  apparent  altitude  be  5  degrees,  and  the 
inclination  of  its  semidiameter  72  degrees;  now,  in  the  angle  of  meeting^ 
of  these  arguments,  stands  23  seconds ;  which,  therefore,  is  the  contraction 
of  semidiameter,  and  which  is  to  be  applied  by  subtraction  to  the  semi- 
diameter given  in  the  Nautical  Almanac. 

To  compute  the  contraction  of  Semidiameter. 

Rule. — Find  by  Table  VIII.  the  refraction  corresponding  to  the  object's 
apparent  central  altitude,  and  also  the  refraction  answering  to  that  altitude 
augmented  by  the  semidiameter;  (which,  for  tfab  purpose,  may  be  estimated 
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at  16  minutes,)  and  their  difference  will  be  the  contraction  of  the  verUcal 
aemidiameter.  Now,  having  thus  found  the  contraction  corresponding  to 
the  vertical  semidiameter,  that  answering  to  a  semidiameter  which  forms 
any  given  angle  with  the  plane  of  the  horizon,  will  be  found  by  multiply* 
ing  the  vertical  contraction  by  the  square  of  the  angle  of  inclination. 

Example. 

Let  the  sun's  or  moon's  apparent  central  altitude  be  3?  and  the  incli- 
nation of  its  semidiameter  to  the  plane  of  the  horizon  72?;  required  the 
contraction  of  the  semidiameter  ? 

Apparent  central  altitude    •  3?  0^  Refractions  14.^36? 
Do.augmentedbysemidiam.  =  3?16^  Ditto  •  =13. 46. 

Contraction  of  the  vertical  semidiameter  •  •  •  0'50?Log.=l.  698970 
Inclination  of  semidiameter    •  =72?  twice  the  log.  sine     •  =19.956412 

Required  contraction  of  semidiameter  •    •    •     •  45'.  22Log.=  l.  655382 

And  so  on  of  the  rest.— It  is  to  be  remarked,  however,  that  the  correc- 
tion arising  from  the  contraction  of  the  semidiameter  of  a  celestial  object 
is  very  seldom  attended  to  in  practice  at  sea. 


Table  VI. 
Parallax  of  the  Planets  m  Altitude. 

The  arguments  of  this  Table  are  the  apparent  altitude  of  a  planet  in 
the  left  or  right-hand  margin,  and  its  horizontal  parallax  at  the  top ; 
under  the  latter,  and  opposite  the  former,  stands  the  corresponding  parallax 
in  altitude ;  which  is  always  to  be  applied  by  addition  to  the  planets  ap- 
parent altitude.  Hence,  if  the  apparent  altitude  of  a  planet  be  30  degrees, 
and  its  horiasontal  parallax  27  seconds,  the  corresponding  parallax  in 
altitude  will  be  23  seconds ;  additive  to  the  apparent  altitude. 

77ie  foraUaxes  of  JUilude  in  this  Table  tcere  computed  by  the  following 

Rule. — ^To  the  proportional  logarithm  of  the  planet's  horizontal  parallax 
add  the  log.  secant  of  its  agparent  altitude,  and  the  sum,  abating  10  in 
the  index,  will  be  the  proportional  logarithm  of  the  parallax  in  altitude. 

Example. 

If  the  horizontal  parallax  of  a  planet  be  23  seconds,  and  its  apparent 
altitude  30  degrees ;  required  the  parallax  in  altitude  ? 
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Horizontal  parallax  of  die  planet=23  Seconds^  proportional  log.s  2. 6717 
Apparait  altitude  of  ditto    •    •     30  Degrees,  log.  secant    •    .10. 0625 

P^vallax  in  altitude    •    •    •    •      20  Seconds,  proportional  log.    2. 7342 


Tablb  VII. 
Parallax  of  the  Sun  in  Altitude. 

The  difference  between  the  places  of  the  sun,  as  seen  from  the  surface 
and  centre  of  the  earth  at  the  same  instant,  is  called  his  parallax  in  al« 
titnde,  which  may  be  computed  in  the  following  manner. 

To  the  log.  cosine  of  the  sun's  apparent  altitude,  add  the  constant  log. 
0.945124,  (the  log.  of  the  sun's  mean  horizontal  parallax  estimated  at 
8^.  813,)  and  the  sum,  rejecting  10  from  the  index,  will  be  the  log.  of 
the  parallax  in  altitude;  as  thus. 

Given  the  sun's  apparent  altitude  20  degrees;  required  the  correspond- 
ing parallax  in  altitude  ? 

Sun's  apparent  altitude  20  degrees,  log.  cosine    .     •    9. 972986 
Constant  log 0.945124 

Farall.  corresponding  to  the  given  altitude  8"".  282  Log.  0. 918110 

This  Table,  which  contains  the  correction  for  parallax,  is  to  be  entered 
witii  the  sun*8  apparent  altitude  in  the  left-hand  column ;  opposite  to  which, 
in  the  adjoining  column,  stands  the  corresponding  parallax  in  altitude  ; — 
thus,  the  parallax  answering  to  10?  apparent  altitude  is  9  seconds ;  that 
answering  to  40?  apparent  altitude  is  7  seconds,  &c.  &c. — And  since  the 
parallax  of  a  celestial  object  causes  it  to  appear  something  lower  in  the 
heavens,  than  it  really  is  ;  this  correction  for  parallax,  therefore,  becomes 
always  additive  to  the  sun's  apparent  altitude. 


Tabi^  VIII. 

Mean  jistronomical  Refraction. 

Since  the  density  of  the  atmosphere  increases  in  proportion  to  its  prox- 
imity to  the  earth's  surface,  it  therefore  causes  the  ray  of  light  issuing  from 
a  celestial  object  to  describe  a  curve,  in  its  passage  to  the  horizon ;  the 
convex  side  of  which  is  directed  to  that  part  of  the  heavens  to  which  a 
tangent  to  that  curve  at  the  extremity  of  it  which  meets  the  earth,  would 
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be  directed.  Hence  it  is,  that  the  celestial  objects  are  apparently  more 
elevated  in  the  heavens  than  they  are  in  reality ;  and  this  apparent  increase 
of  elevation  or  altitude  is  called  the  refraction  of  the  heavenly  bodies ;  the 
effects  of  which  are  greatest  at  the  horizon,  but  gradually  diminish  as 
the  altitude  increases,  so  as  to  entirely  vanish  at  the  zenith. 

In  this  Table  the  refraction  is  computed  to  every  minute  in  the  first 
8  degrees  of  apparent  altitude ;  consequently  this  part  of  the  Table  is  to 
be  entered  with  the  degrees  of  apparent  altitude  at  the  top  or  bottom, 
and  the  minutes  in  the  left-hand  column :  in  the  angle  of  meeting,  stands 
the  refraction. 

In  the  rest  of  the  Table  the  apparent  altitude  u  given  in  the  vertical 
columns,  opposite  to  which  in  the  adjoining  columns  will  be  found  the 
corresponding  refraction.  Thus,  the  refraction  answering  to  3?  27'  appa^ 
rent  altitude,  is  13' 14?;  that  corresponding  to  9?46^  is  5^52?;  diat 
corresponding  to  17°55'is  2^54T,  and  so  on.  The  refraction  is  always  to 
be  applied  by  subtraction  to  the  apparent  altitude  of  a  celestial  object,  on 
account  of  its  causing  such  object  to  appear  under  too  great  an  angle  of 
altitude.  The  refractions  in  this  Table  are  adapted  to  a  medium  state  of 
the  atmosphere ;  that  is,  when  the  Barometer  stands  at  29. 6  inches,  and 
the  Thermometer  at  50  degrees;  and  were  computed  by  the  following  ge-- 
neral  rule,  the  horizontal  refraction  being  assumed  at  83  minutes  of  a 
degree. 

To  the  constant  log.  9. 999279  (the  log.  cosine  of  6  times  the  horixontal 
refraction)  add  the  log.  cosine  of  the  apparent  altitude ;  and  the  sum, 
abating  10  in  the  index,  will  be  the  log,  cosine  of  an  arch.  Now,  one- 
sixth  the  differen6e  between  this  areh  and  the  given  apparent  altitude  will 
be  the  mean  astronomical  refraction  answering  to  that  altitude. 

Example. 

,  Let  the  apparent  altitude  of  a  celestial  object  be  45  ?,  required  the  cor* 
responding  refraction  ? 

Constant  log. 9.999279 

Given  apparent  altitude  45?0'0T  Log.  cosine   9.849485 


Areh 45?5U2r  Log. cosine    9.848764 


Difference 0°5:42r  +  6  =  0'57r  ;  which, therefore, 

is  the  mean  astronomical  refraction  answering  to  the  given  apparent  alti- 
tude. 
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Tablb  IX. 

CkmrectirnqfiheMetmAitrimomUalRe/hiciuHU 

Since  the  refraction  of  the  heavenly  bodies  depends  on  the  density  and 
temperature  of  the  atmosphere,  which  are  ever  subject  to  numberless  varia- 
tions ;  and  since  the  corrections  contained  in  the  foregoing  Table  are 
adapted  to  a  medium  state  of  the  atmosphere,  or  when  the  barometer  standi 
at  29. 6  inches,  and  the  thermometer  at  50  degrees :  it  hence  follows,  thai 
when  the  density  and  temperature  of  the  atmosphere  differ  from  those 
quantities,  the  amoimt  of  refraction  will  also  differ,  in  some  measure,  from 
that  contained  in  the  sud  foregoing  Table.  To  reduce,  therefore,  the 
cotrections  in  that  Table  to  other  states  of  the  atmosphere,  the  present 
Table  has  been  computed ;  the  arguments  of  which  are,  the  apparent  alti* 
tade  in  the  left  or  right  hand  margin,  the  height  of  the  thermometer  at  the 
top,  and  that  of  the  barometer  at  the  bottom  of  the  Table;  the  correspond- 
ing corrections  will  be  found  in  the  angle  of  meeting  of  those  arguments 
respectively,  and  are  to  be  applied,  agreeably  to  their  signs,  to  the  mean 
refraction  taken  from  Table  VIII,  in  the  following  manner  :— 

Let  the  apparent  altitude  of  a  celestial  object  be  5  degrees ;  the  height 
of  the  barometer  29. 15  inches,  and  that  of  the  thermometer  48  degrees; 
required  the  true  atmospheric  refraction  I 

Apparent  altitude  5  degrees,— mean  refraction  in  Table  VIII  =s  •  •  9^54T 
Opposite  to  5  degrees,  and  over  29.  15,  in  Table  IX,  stands  •  .  —  0.    9 
Opposite  to  5  degrees,  and  under  48  degrees,  in  ditto     •     •    •  +  0.   3 

True  atmospheric  refraction,  as  required 9'48T 

The  correction  of  the  mean  astronomical  refraction,  may  be  computed  by 
the  following  rule,  viz. 

As  the  mean  height  of  the  barometer,  29. 6  inches,  is  to  its  observed 
height,  so  is  the  mean  refraction  to  the  corrected  refraction ;  now,  the 
difference  between  this  and  the  mean  refraction  will  be  the  correction  for 
barometer,  which  will  be  affirmative  or  negative,  according  as  it  is  greater 
or  less  than  the  latter. — And, 

As  350  degrees*  increased  by  the  observed  height  of  Fahrenheit's  ther- 
mometer, are  to  400  degrees  f,  so  is  the  mean  refraction  to  the  corrected 
refraction ;  the  difference  between  which,  and  the  mean  refraction,  will  be 
the  correction  for  thermometer;  which  will  be  affirmative  or  negative,  ac- 
cording as  it  is  greater  or  less  than  the  latter. 

*  Sercn  times  50  decrees,  the  mean  temperature  of  the  atmosphere. 
t  £i(ht  times  50  degrees,  ths  mean  temperatare  of  the  atmosphtre. 
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Example  !• 

Let  the  apparent  altitude  be  I  degree^  the  mean  refraction  24 '29^,  the 
height  of  the  barometer  28.56  inches,  and  that  of  the  thermometer 
32  degrees;  required  the  respective  corrections  for  barometer  and  ther-* 
mometer  ? 

A«  roeiin  height  of  barometer  •  •  29. 60.  Log.  ar.  co.  •  •  8. 528708 
Is  to  observed  height  of  ditto  .  .28.56.  Log.  •  •  •  .  1.455758 
So  is  mean  refraction  24 '29r=s    .    1469r    Log 3.167022 

To  corrected  refraction  •    ,    .    .    1417^    Log.    ....    3.151488 

Correction  for  barometer   •    •    •     —  52?,  which  is  negative,  because  the 

corrected  refraction  is  the  least. 

And 
As  350?+ 329= 382?     Log.  ar.  co.    •    .    7.417937 

Isto  . 400?     Log 2.602060 

So  is  mean  refraction  24 : 29r  =  .    I469r    Log 3.16/022 

To  corrected  refraction     .    .    .     1538r     Log 3. 187019 

Correction  for  thermometer     .    •     +69^=1 '9^,  which  is  affirmative, 
because  the  corrected  refraction  is  the  greatest. 

Example  2. 

Let  the  apparent  altitude  be  7  degrees,  the  mean  refraction  7*20^9  the 
height  of  the  barometer  29.  75  inches,  and  that  of  the  thermometer  72  de- 
grees ;  required  the  respective  corrections  for  barometer  and  thermometer  ? 

As  mean  height  of  barometer  .     .  29.60.    Log.  ar.  co.    .     •    8.628708 

Is  to  observed  height  of  ditto   .     .29.75.     Log 1.473487 

Soismeanrefraction7'20r  =  .     .  440r    Log 2.643453 

To  corrected  refraction     •    •    .    •  442T    Log 2. 645648 

Correction  fof  barometer  •    •    •    •  +  2?,  which  is  affirmative. 

And 
As850?  +  72?= 422?     Log.  ar.  co.  .    .    7.374688 

Isto 400?     Log 2.602060 

So  is  mean  refraction  7'20r  =  .    .  440r     Log 2. 643453 

To  corrected  refraction    .    .    .    .  417^    Log 2.620201 

Correction  for  thermometer  •    •    •  —  23?,  which  b  negative. 
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Table  X. 

To  find  the  Latitude  by  an  Altitude  of  the  North  Polar  Star. 

The  correction  of  altitude,  contained  in  the  third  cohimn  of  this  Table, 
expresses  the  difference  of  altitude  between  the  north  polar  star,  and  the 
north  celestial  pole,  in  its  apparent  revolution  round  its  orbit,  as  seen  from 
the  equator :  the  correction  of  altitude  is  particularly  adapted  to  the  be- 
ginning of  the  year  1836;  but  by  means  of  its  annual  variation,  which  is 
determined  for  the  sake  of  accuracy  to  the  hundredth  part  of  a  second, 
it  may  be  readily  reduced  to  any  subsequent  period,  (with  a  sufficient  de« 
gree  of  exactness  for  all  nautical  purposes,)  for  upwards  of  half  a  century, 
as  will  be  seen  presently. 

The  Table  consists  of  five  compartments ;  the  left  and  right  hand  ones 
of  which  are  each  divided  into  tWo  columns,  containing  the  right  ascension 
of  the  meridian  :  the  second  compartment,  which  forms  the  third  column 
in  the  Table,  contains  the  correction  of  the  polar  star's  altitude :  the  third 
compartment  consists  of  five  small  columns,  hi  which  are  contained  the 
proportional  parts  corresponding  to  the  intermediate  minutes  of  right 
ascension  of  the  meridian ;  by  means  of  which  the  correction  of  altitude,  at 
any  given  time,  may  be  accurately  taken  out  at  the  first  sight :  the  fourth 
compartment  contains  the  annual  variation  of  the  polar  star's  correction^ 
which  enables  the  mariner  to  reduce  the  tabular  correction  of  altitude  to 
any  future  period  :  for,  the  product  of  the  annual  variation,  by  the  number 
of  years  and  parts  of  a  year  elapsed  between  the  beginning  of  1^^  and  36 
any  given  subsequent  time,  being  applied  to  the  correction  of  the  polar 
star's  altitude  by  addition  or  subtraction,  according  to  the  prefixed  sign, 
will  give  the  true  correction  at  such  subsequent  given  time. 

Note. — In  taking  out  the  proportional  parts  for  the  intermediate 
minutes  of  right  ascension  from  the  upper  part  of  the  Table,  or  between 
the  double  horizontal  line  and  the  top^  whenever  the  odd  minutes  of 
R.  A.  exceed  5,  let  the  double  of  any  one,  or  the  sum  of  any  two  propor- 
tional parts,  be  taken  (answering  to  the  two  minutes  that  will  make  u^ 
the  odd  minutes  of  R.  A.)  in  the  line  opposite  to  the  nearest  tabular  R.  A.^ 
and  the  result  will  be  the  required  proportional  part. 

Example. 

Required  the  correction  of  the  polar  star's  altitude  on  the  first  day  of 
January  in  1848,  the  R.  A.  of  the  meridian  being  6!  22?  ? 

c 
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Correction  of  altitude  answer  to  6*  20T,  is 16M5* 

Proportional  part  to  2  minutes  of  R,  A —  0 .  4S 


Correction  of  altitude  at  6*  22T,  in  January  ISSGz     ....     15 '.57* 
Annual  variation  of  correction  =       .     •     •     .     •     +2T95 
Number  of  years  after  1836=12,  multiply  by  •     .  12 

Product  = '. +35r40    .    .     +35 


Correction  of  polar  star's  altitude  January  1  St,  1848s     •     .     .     16^32^ 

The  corrections  of  altitude  contained  in  the  present  Table  were  com- 
puted in  conformity  with  the  following  principles  :— 

Since  to  an  observer  placed  at  the  equator,  the  poles  of  the  world 
will  appear  to  be  posited  in  the  horizon,  the  polar  star  will,  to  such 
observer,  apparently  revolve  round  the  north  celestial  pole  in  its  diurnal 
motion  round  its  orbit.  In  this  apparent  Yevolution  round  the  celestial 
pole,  the  star's  meridional  or  greatest  altitude  above  the  horizon  will  be 
always  equal  to  its  distance  from  that  pole  ;  which  will  ever  take  place, 
when  the  right  ascension  of  the  meridian  is  equal  to  the  right  ascension  of 
the  star.  In  six  hours  after  this,  the  star  will  be  seen  in  the  horizon,  west 
of  the  pole ;  in  six  hours  more  it  will  be  depressed  beneath  the  horizon  (on 
the  meridian  below  the  pole),  the  angle  of  depression  being  equal  to  its 
polar  distance ;  in  six  hours  after,  it  will  be  seen  in  the  horizon  east  of  the 
pole;  and  in  six  hours  more,  it  will  be  seen  again  on  the  meridian  above  the 
pole  :  allowance  being  made,  in  each  case,  for  its  daily  acceleration. 

Now,  since  the  north  celestial  pole  represents  a  fixed  point  in  the  hea- 
vens, and  that  the  star  apparently  moves  round  it  in  an  uniform  manner, 
making  determinable  angles  with  the  meridian ;  it  is,  therefore,  easy  to 
compute  what  altitude  the  star  will  have,  as  seen  from  the  equator,  in 
every  part  of  its  orbit ;  for,  in  this  computation,  we  have  a  spherical  trian- 
gle to  work  in,  whose  three  sides  are  expressed  by  the  complement  of  the 
latitude,  the  complement  of  the  polar  star's  altitude,  and  the  complement 
of  its  declination  ;  in  which  there  are  given  two  sides  and  the  included 
angle  to  find  the  third  side ;  viz.  the  star's  co-declination  or  polar  distance 
and  the  complement  of  the  latitude,  with  the  comprehended  angle,  equal 
tp  the  star's  distance  from  the  meridian,  to  find  the  star's  co-altitude ;  the 
difference  between  which  and  90  degrees  will  be  the  correction  of  altitude, 
or  the  diffemice  of  altitude  between  the  polar  star  and  the  north  celestial 
pole,  as  seen  from  the  equator. 

For  the  sake  of  conciseness,  the  polar  star's  altitude,  as  seen/rom  the 
effuatoTy  may  be  determined  at  once  by  the  following  formula :— • 

To  the  log.  rising  of  the  star's  horary  distance  firom  the  meridian,  add 
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the  \og.  sine  of  its  polar  distance  ;  then,  the  natural  nnmber  correspond- 
ing to  the  sum  of  these  two  logarithms  being  subtracted  from  the  natural 
tine  of  the  star's  polar  distance,  the  result  will  be  the  natural  sine  of  the 
polar  star's  altitude,  as  neea  from  the  equator;  or  the  correction  of 
lititDde. 

Example. 

In  January,  1836,  the  mean  right  ascension  of  the  polar  star 
viO  be  1Mt5!,  and  its  distance  from  the  north  celestial  pole 
1^33' 55^;  now^  admitting  the  right  ascension  of  the  meridian  to'  be 
StlSTO!,  the  correction  of  the  polar  star's  altitude,  as  seen  from  the 
equator^  is  required  ? 

Right  ascension  of  meridian    5?  12 ^OT 
Right  ascension  of  polar  star  1  ^    1  ?5 ! 

Star's  horary  distance  =  •  4-13.55.=  Logarithmic  rising=  5.743100 
Star's  polar  distance       .     .  l?33^55r-  Log.     .     .  Sine    .    8.436415 

Natural  numbers     .     .    —15119     Log.=:4.179515 
Natural  sine  of  polar  distance 027316 

Natural  sine  of  polar  star's  altitudes  .  012197=0? 41  '56r,  which 
is»  the  correction  of  the  polar  star's  altitude,  as  seen  from  the  equator, 
and  in  the  same  manner  were  all  the  corrections  of  altitude  in  Table  X. 
obtained. 

Note.^'Fot  further  information  on  this  subject,  the  reader  is  referred  to 
the  author's  Treatise  on  the  Sidereal  and  Planetary  Parts  of  Nautical 
Astronomy,  page  144  to  156. 


Table  XI. 

Correction  of  the  Latitude  deduced  from  the  preceding  Table. 

Although  the  latitude  deduced  from  Table  X.  will  be  always  sufficiently 
correct  for  most  nautical  purposes,  yet,  since  observation  has  shown  that  it 
will  he  something  less  than  the  truth  in  places  distant  from  the  equa* 
tor,  the  present  Table  has  been  computed ;  which  contains  the  number 
of  minutes  and  seconds  that  the  latitude,  so  deduced,  will  be  less  than  what 
would  result  from  actual  observation  at  every  tenth  or  fifth  degree  from 
the  equator,  to  within  five  degrees  of  the  north  pole  of  the  world. 

The  elements  of  this  Table  are,  the  approximate  latitude,  deduced  from 
Table  X.,  at  top,  and  the  right  ascension  of  the  meridian  in  the  left  or 
right  hand  column  ;  in  the  angle  of  meeting  will  be  found  the  correspond- 
ing correction,  which  is  always  to  be  applied  by  adMion  to  the  approxi* 

c  2 
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mate  latitude.  Hence,  if  the  approximate  latitude  be  50  degrees,  and 
the  4right  ascension  of  the  meridian  6M0T,  the  corresponding  correction 
will  be  J  ^38r  additive. 

Remark, — Since  the  corrections  of  altitude  in  Table  X.  have  been  com- 
puted on  the  assumption  that  the  motions  of  the  polar  star  were  witnessed 
from  the  equator,  they  ought,  therefore,  to  show  what  altitude  that  star 
will  have  at  any  given  time,  in  north  latitude^  when  applied  to  such  latitude 
with  a  <!ontrary  sign  to  that  expressed  in  the  Table ;  this,  however,  is  not 
the  case;  because  when  the  altitude  of  the  polar  star  is  computed  by  sphe- 
rical trigonometry,  or  otherwise,  it  will  always  prove  to  be  something  less 
than  that  immediately  deduced  from  Table  X. ;  it  is  this  difference,  then, 
that  becomes  the  correction  of  latitude  in  Table  XI.,  and  which  is  very 
easily  determined,  as  may  be  seen  in  the  following 

Example. 

Let  the  right  ascension  of  the  meridian  in  January  1824  be  6*40?,  and 
the  latitude  60  degrees  north  ;  required  the  true  altitude  of  the  polar  star, 
and  thence  the  correction  of  latitude  ? 

Latitude  or  elevation  of  the  pole    ....    60?0!0?  north. 
Correction  in  Table  X.,  answ.  to  6M0T,  is  -H       0.7»  41 


Altitudeofpolar  star,  per  Table  X.=    .     .     .    e0?7'4ir 
Now,  to  compute  the  true  altitude  of  the  polar  star,  on  spherical  prin- 
ciples, at  the  given  time  and  place,  we  may  proceed  as  follows  :— 

Right  ascension  of  the  mend.      6'40T0f 
Star's  right  ascension         .     .     0.  58.  1 

IStar's  dist.  from  the  meridian  5M1T59!  .  .  .  Log.  rising  5.964481 
Star's  polar  distance  .  .  l?37M8r  .  .  .  Log.  sine  8.454006 
Complement  of  the  latitude   30.   0.   0      ...     Log.  sine    9.698970 

Difference  28?22: 12:'Nat.cos.  879897 


Natural  number      •     .     •     .    013106  Log.=4.1 17457 

Starts  true  altitude       .     .    60?5 '.  1 6r  Nat.  sine  866791 
Star's  alt.  per  Tab.  as  above  60. 7*  41 

Difference      .     *     •     •     .    0?2^251';  which,  therefore,  is  the  correction 
of  latitude. 

iVb/e.— Since  the  corrections  of  latitude  in  Table  XI.  will  not  differ 
ont  minute  from  the  truth  in  half  a  century,  they  are,  therefore,  of  the 
same  value  as  those  that  were  given  in  the  first  edition  of  this  work. 
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I 

Table  XII. 

ne  Mean  Sun*$  {^gproximaie  Right  AscemUm,  or  Sidereal  Time  to  the 

neareet  Minute. 

TbM  Table  may  be  used  for  the  purpose  oC  finding,  the  approximate 
tine  of  transit  of  &  fixed  star,  when  a  Nautical  Almanac  is  not  at  hand.; 
it  nay  also  be  employed  in  finding  the  right  ascension  of  the  meridian,  or 
■id-beavan,.  when  the  latitude  is  to  be  determined  by  an  altitude  of  the 
aorth  polar  star  :  for,  if  to  the  mean  sun's  right  ascension,  as  given  in  this 
Table^  the  mean  time  be  added,  the  sum  (rejecting  24  hours  if  necessary) 
will  be  the  right  ascension  of  the  meridian,  sufiSciently  near,  the  truth  for 
the  pucpose  of  determining  the  latitude.. 


Table  XIII. 

Equations  to  equal  Altitudes. — first  part. 

The  arguments  of  this  Table  are,  the  interval  between  the  observations 
at  top  or  bottom,  and  the  latitude  in  either  of  the  side  columns ;  in  the 
angle  of  meeting  stands  the  corresponding  equation,  expressed  in  seconds 
and  tlurds :  hence  the  equation  to  interval  6  hours  40  minutes  and  lati- 
tude 50  degrees,  is  15  seconds  and  33  thirds. 

The  equations  in  this  Table  were  computed  by  the  following  rule,  viz. : — 
To  the  log.  co-tangent  of  the  latitude,  add  the  log.  sine  of  half  thje 
interval  in  degrees ;.  the  proportional  log.  of  the  whole  interval  in  time 
(esteemed  as  minutes  and  seconds),  and  the  constant  log.  8. 8239  ;*  the 
sum  of  these  four  logs.,  rejecting  29  from  the  index,  will  be  the  propor- 
tional log.  of  the  corresponding  equation  in  minutes  and  seconds,  whiclL 
are  to  be  considered  as  seconds  and  thirds.. 

Example. 

Let  the  latitude  be  50  degrees,  and  the  interval  between  the  observed 
equal  dtitades  of  the  sun  4  hours ;  required  the  corresponding  equation  } 

Latitude 60?0:0r     Log.  co-tang.  9. 9238 

Half  int.  =  2  hours,  in  degs.ss30. 0. 0  Log.  sine  •  9. 6990 
Whole  interval  4  hours,  esteemed  as  4  min.,  propor.  log.  1. 6532 
Constantlog. 8.8239 

Required  equation  ....     14^18"''    Propor.log.     1.0999 


*  The  arithmetical  complement  of  12  hours  considered  as  minutes. 
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Table  XIV. 

Equations  to  equal  Altitudes. — part  second. 

In  this  Table,  the  interval  between  the  observations  is  marked  at  top  or 
bottom,  and  the  sun's  declination  in  the  left  or  right-hand  margin ;  under 
or  over  the  former,  and  opposite  to  the  latter,  stands  the  corresponding 
equation,  expressed  in  seconds  and  thirds :  thus,  the  equation  answering  to 
6  hours  40  minutes,  and  declination  18^30^,  is  2  seconds  and  48  thirds. 
The  equations  contained  in  this  Table  were  computed  as  follows,  viz.:— 
To  the  log.  co-tangent  of  the  declination,  add  the  log.  tang,  of  half  the 
interval  in  degrees;  the  proportional  log.  of  the  whole  interval  in  time 
(esteemed  as  minutes  and  seconds),  and  the  constant  log.  8.8239  ;*  the 
sum  of  these  four  logs.,  rejecting  29  from  the  index,  will  be  the  propor- 
tional log.  of  the  corresponding  equation  in  minutes  and  seconds,  which 
are  to  be  considered  as  seconds  and  thirds. 

Example,    ^ 

Let  the  sun's  declination  be  18?30^,  and  the  interval  between  the 
observed  equal  altitudes  of  the  sun  4  hours ;  required  the  corresponding 
equation  ? 

Sun's  declination      .     •    .     18?30'.      Log.  co- tang.  10. 4755 
Half  interval=?2  ho.  in  degs.=s30.  0.       Log.  tang.  9. 7614 

Whole  interval  4  ho.  esteemed  as  4  min.  Prop.  log.  1. 6532 

Constant  log 8.8239 

Required  equation  =  .     .     .    3^29?    Prop.  log.      .     1.7140 


To  find  the  Equation  of  Equal  Altitudes  by  Tables  XUL  and  XIV. 

Rule. 

Enter  Table  XIII.,  with  the  latitude  in  the  side  column  and  the  interval 
between  the  observations  at  top ;  and  find  the  corresponding  equation,  to 
which  prefix  the  sign  +  if  the  sun  be  receding  from  the  elevate.d  pok,  but 
the  sign  *-  if  it  be  advancing  towards  that  pole. 

Enter  Table  XIV.,  with  the  declination  in  the  side  column^  and  the 
interval  between  the  observations  at  top,  and  take  out  the  correspond- 
ing equation,  to  which  prefix  the  sign  +  when  the  sun's  declination  is 
increasinffy  but  the  sign  -.  when  it  is  decreasing* 


tm0 


*  The  arithmetical  complement  of  12  hours  considered  as  minutef. 


,  DK8CRIPTION   AND   HWBi  OF  THB   TABLES.  23 

« 

Now,  if  those  two  equations  are  of  the  same  signs ;  that  is,  both  aiiirm« 
ative  or  both  negative,  let  their  sum  be  taken  \  but  if  of  contrary  signs, 
namely,  one  affirmative  and  the  other  negative,  their  difference  is  to  be 
taken  :  then. 

To  the  proportional  log.  of  this  sum  or  difference,  considered  as  minutes 
and  seconds,  add  the  proportional  log.  of  the  daily  variation  of  the  sun's 
declination ;  aqd  the  sum^  rejecting  I  from  the  index,  will  be  the  propor- 
tional log.  of  the  true  equation  of  equal  altitudes  in  minutes  and  seconds, 
which  are  to  be  esteemed  as  secoikds  and  thirds^  and  which  will  be  always 
of  the  same  name  with  the  greater  equation. 

Example  I. 

In  latitude  49?  south,  the  interval  between  equal  altitudes  of  the  sun 
was  7 -20? ;  the  sun's  declination  18?  north,  increasing,  and  the  variation 
of  declination  15 '  12f ;  required  fhe  true  equation  of  equal  altitudes  ? 

Opposite  lat.  49?  under  7*20?  Tab.  XIII.  stands  +  15r27r 
Opposite  dec.  1 8?  under  7 '  20r  Tab.  XIV.  stands  +  2. 30 

Sum 17^:57^  Pro.  log.  1.0012 

Variation  of  declination     .     .  15<  12T  Pro.  log.  1.079^ 

True  equation,  as  required     +  15^10^'  Pro.  log.  1.0746 

Example  2. 

In  latitude  56?  north,  the  interval  between  equal  altitudes  of  the  sun 
was  5*20?  ;  the  sun's  declination  1S?30^  north,  increasing,  and  the  daily 
variation  of  declination  14!  34?;  required  the  true  equation  of  equal  alti- 
tudes? 

Op.  lat.50?       under5t20?Tab.XIII.stands-14?50'r 
Op.dec.l8?30!under5.20  Tab. XIV.  stands  +  3.11 

Difference    ....     - 1 1  r39r  Pro.  log.  =  1 . 1 88^ 
Variation  of  declination       14^34?  Pro.  log.  =  1.0919 

True  equation,  as  required-.9?26?  Pro.  log.  =  1. 2808 

Remark. — In  north  latitude  the  sun  recedes  from  the  elevated  pole  from 
the  summer  to  the  winter  solstice ;  that  is,  from  the  21st  June  to  the  2l8t 
December ;  but  advances  towards  that  pole  from  the  winter  to  the  summer 
solstice  :  viz.,  from  the  21st  December  to  the  21st  June.  The  converse  of 
this  takes  place  in  south  latitude :  thus,  from  the  21st  June  to  the  21st 
December,  the  sun  advances  towards  the  south  elevated  pole ;  but  recedes 
from  that  pole  the  rest  of  the  year,  viz.,  from  the  21st  December  to  the 
2l8t  June. 
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Here  it  may  be  necessary  to  observe,  that  in  taking  out  the  equations 
from  Tables  XIII.  and  XIV.  allowance  is  to  be  made  for  the  excess  of 
the  given,  above  the  next  less*  tabular  arguments^  as  in  the  following 
examples  :— 

Example  I. 

Required  the  equation  from  Table  XIII.,  answering  to  latitude  50^48% 
and  interval  between  the  observations  5  hours  10  minutes  ? 

Equation  to  latitude  50?,  and  interval  4?40T  =r     .     .     14^33'^ 

Tabulardi<r.tol?oflat.=  +3lr;  now,      ^^,    '=       +  0.24^ 

.      Tab.diff.to40:ofinter.=  +  177jnow,'!^-;j^  =       -f  0.121 


Equation,  as  required      •    •     •     •     » 15?  10"'* 

^Example  2. 

Required  the  equation  from  Table  XIV.,  answering  to  sun's  dedinatfon 
2D?47-,  and  interval  between  the  observations  5  hours  10  minutes  ? 

Equation  to  declination  20?30:  and  interval    4M0T=  3M4r 

Tabular  diff.  to  30:  declination=+6r;  now,?^^'  =  +0.   3i 

Tabular  diflf.  to  40:  interval  =r-10T ;  now,  ^^2t^  =-0.   7i 


Equation,  as  required        3T40^? 

Note, — Should  the  latitude  exceed  the  limits  of  Table  XIII.,  which  is 
only  extended  so  far  as  to  comprehend  the  ordinary  bounds  of  navigation, 
viz.,  to  60  degrees,  the  first  part  of  the  equation,  in  this  case,  must  be 
determined  by  the  rule  under  wliich  that  Table  was  computed,  as  in 
page  21. 


Table  XV. 

To  reduce  the  Sun*$  Longitudcy  Bight  Ascenskmj  and  Declination ;  and 
alio  the  Equation  of  Time,  as  given  in  the  Nautical  Ahnanae,  to  any 
given  Meridiany  and  to  any  given  Time  under  that  MerUUan. 

This  Table  is  so  arranged,  that  the  proportional  part  corresponding  to  any 
given  time,  or  longitude,  and  to  any  variation  of  the  sun*s  right  ascension, 
declination,  &c.  &c.,  may  be  taken  out  to  the  greatest  degree  of  accuracy. 
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Precepts. 

In  the  genera]  use  of  this  Table  it  will  be  advisable  to  abide  by  the  solar 
day  ;  and  hence,  to  estimate  the  time  from  noon  to  noon,  or  from  0  to  24 
hours,  after  the  manner  of  astronomers,  without  paying  any  attention  to 
either  the  nautical  or  the  civil  division  of  time  at  midnight.  And  to  guard 
against  falling  into  error,  in  applying  tlie  tal^ilar  proportional  part  to  the 
sun's  right  ascension,  declination,  &c.  &c.,  it  will  be  best  to  reduce  the 
mean  tim^  at  ship  or  place,  to  Greenwich  time  ;  as  thus : 

Turn  the  longitude  into  time  (by  Table  I.)}  and  add  it  to  the  gi^en  time 
at  ship  or  place,  if  it  htwest ;  but  subtract  it  if  east ;  and  the  sum,  or 
difference,  will  be  the  corresponding  time  at  Greenwich. 

From  page  II.  or  III.  of  the  month  in  the  Nautical  Almanac,  take  out 
the  sun's  right  ascension,  declination,  longitude,  &c.,  for  the  noons  imme^ 
^Rately  preceding  and/ottawing  the  Greenwich  time,  and  find  their  differ- 
ence, which  will  express  the  variation  of  those  elements  in  24  hours ;  then. 

Enter  the  Table  with  the  variation,  thus  found,  at  top,  and  the  Green- 
wich time  in  the  left-hand  column ;  under  the  former  and  opposite  the 
latter  will  be  found  the  corresponding  equation,  or  proportional  part.  And, 
since  the  Greenwich  time  may  be  estimated  in  hours,  minutes,  or  seconds, 
and  the  variation  of  right  ascension,  &c.  &c.  &c.,  either  in  minutes  or 
seconds :  the  sum  of  the  several  proportional  parts  making  up  the  whole 
of  such  time  and  variation  will,  therefore,  express  the  required  proportional 
part.  The  proportional  part,  so  obtained,  is  always  to  be  applied  by 
addition  to  the  sun's  longitude  and  right  ascension  at  iYitprece^ng  noon; 
but  it  is  to  be  applied  by  addition,  or  subtraction,  to  the  sun's  declination 
and  the  equation  of  time  at  that  noon,  according  as  they  are  increasing  or 
decrearing. 

Example. 

Required  the  sun's  right  a^ension  and  declination,  and  also  the  equation 
of  time,  May  6th,  1824,  at  5  MOT,  in  longitude  64? 45'  west  of  the  meri- 
dian of  Greenwich  ? 

Mean  time  at  ship  or  place 5  MO? 

Longitude  64M5'  west,  in  time  =       .     .  +    4. 19 


Greenwich  time »      9t29' 
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To  find  the  Sun's  Declination  : — 

Sun's  declination  at  noon^  May  6th,  1824,  per  Nautical 

Almanac 16?36^5r 

North,  increaaingy  and  van  in  24  ho.=s  16^38^ 

Pro,  part       to  9*  0?and  16^  Or=  6^  (K  0?  0^^ 
Do.  to  0. 29  and  16.  0  :=  0. 19. 20.   0 

Do.  to  9.  0  and    0.30  =  0.11.15.  0 

Do.  to  0.29  and    0.30  =  0.  0.36.15 

Do.  to  9.  0  and    0.   8  «  0.  3.   0.  0 

Do.  to 0.29  and    0.   8  =  0.  0.  9.40 


Pro.  part       to9t29?  andl6'38r  is  6.34.20.55=  +  6^34^ 


n 


Sun's  declination,  as  required 16?42'.39'' 


To  find  the  Equation  of  time  :— 

Equation  of  time  at  noon,   May  6th,  1824,  per  Nautical 

Almanac, 3T36!  6 

increasing,  and  variation  in  24  hours  =s  4^30T 

Pro.  part  to  9*  OTand  4!  Or  =   K30r  0"/ 

Do.  to  0. 29  and  4.   0    =0.   4. 50 

Do.  to9.0  and  0.30     =0.11.15 

Do.  to  0.29  and  0.30    =  0.   0.36 


Mt 


Pro.  part         to  9*29?  is    4^:30^  =  1. 46.41     =     +  VATZ 


Equation  of  time,  as  required     .     * 3T37*53f 

ItemarA:.— Should  the  proportional  part  corresponding  to  the  daily 
variation  of  the  sun's  longitude  and  any  given  time  be  required,  it  may  be 
taken  from  the  first  page  of  the  Table,  by  esteeming  the  seconds  of  varia- 
tion, in  that  page,  as  minutes,  and  then  raising  the  signs  of  the  correspond- 
ing proportional  parts  one  grade  higher  than  what  are  marked  at  the  top 
of  the  smd  page :  the  seconds  of  variation  are  of  course  to  be  taken  out  in 
the  usual  manner. 

Note. — ^The  present  Table  was  computed  agreeably  to  the  established 
principles  of  the  rule  of  proportion  ;  viz.  As  one  day,  or  24  hours,  is  to  the 
variation  of  the  sun's  right  ascension,  declination,  &c.  &c.,  in  that  time, 

so  is  any  other  portion  of  time  to  the  corresponding  proportional  part  of 
such  variation.  ' 
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Tablb  XVI. 

To  reduce  the  Moon* 9  Longitude^  Latitude y  Semidiametery  and  Horizontal 
ParallaXy  a»  given  in  the  Nautical  Almanac j  to  any  given  Meridian, 
and  to  any  given  Time  under  that  Meridian. 
This  Table  is  so  arranged  that  the  proportional  part  corresponding  to 

any  given  time  and  change  of  longitude  &c.  in  12  hours  may  be  taken  out 

to  the  most  rigid  degree  of  astronomical  exactness. 

Precepts. 

In  the  general  use  of  this  Table  it  will  be  advisable  to  abide  by  the  solar 
day ;  and  hence  to  estimate  the  time  from  noon  to  noon,  or  from  0  to  24 
hours,  after  the  manner  of  astronomers,  without  paying  any  attention  to 
either  the  nautical  or  the  civil  division  of  time  at  midnight.  And  to  guard 
against  falling  into  an  error,  in  applying  the  tabular  proportional  part  to 
the  moon's  longitude  &c.  &c.,  it  will  be  best  to  reduce  the  mean  time  at 
ship  to  the  Greenwich  mean  time,  as  thus  :— 

Turn  the  longitude  into  time  (by  Table  I.),  and  add  it  to  the  given  mean 
time  at  ship  or  place,  if  it  be  west;  but  subtract  it  if  east :  and  the  sum  or 
difference  will  be  the  corresponding  mean  time  at  Greenwich. 

Take  from  pages  III.  and  IV.  of  the  month,  in  the  Nautical  Almanac^ 
the  moon's  longitude,  latitude,  semidiameter,  and  horizontal  parallax,  (or 
any  one  of  these  elements,  according  to  circumstances,)  for  the  noon  and 
midnight  immediately  preceding  and  following  the  Greenwich  time,  and 
find  their  difference;  which  difference  will  express  the  variation  of  those 
elements  in  12  hours. 

Enter  the  Table  with  the  variation,  thus  found,  at  top,  and  the  Green* 
wich  time  in  the  left-hand  column  :  in  the  angle  of  meeting  will  be  found 
the  corresponding  equation,  or  proportional  part,  which  is  always  to  be 
added  to  the  moon's  longitude  at  the  preceding  noon  or  midnight,  but  to 
be  applied  by  addition,  or  subtraction,  to  the  moon's  latitude,  semidi- 
ameter, and  horizontal  parallax,  according  as  they  are  increasing  or 
decreasing.  And,  since  the  Greenwich  time  and  the  variation  in  12  hours 
will  be  very  seldom  found  to  correspond  exactly ;  it  is  the  sum,  therefore, 
of  the  several  equations  making  up  those  terms,  that  will,  in  general, 
express  the  required  proportional  part. 

Example. 
Required  the  moon's  longitude,  and  latitude,  semidiameter,  and  horizon- 
tal parallax,  August  2nd,  I824»  at  3 MOT,  mean  time,  in  longitude  60?30^ 
west  of  the  meridian  of  Greenwich  ? 

Mean  time  at  ship  or  place 3 MO? 

Longitude  60^30'.  west,  in  time  =:      ...    4.  2 

Greenwich  mean  time  s       7^2? 
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To  find  the  Moon*s  Longitude  :-— 

Moon's  longitude  at  noon,  August  2nd,  1824,  per  Nautical 

*  Almanac,  7fl7«.16^27r 

Variation  in  12*=6°31C59r 
Propor.  part  to  7*  OT  and  6?  0^  Or  =  3930!  Or  O^r 

Do.  to  0. 12    and  6.   0.   0  =  0.   6.   0.  0 

Do.  to  7.   0    and  0.30.   0  =  0.17.30.   0 

Do.  to  0. 12    and  0. 30.  0  =  0.   0. 30.   0 

Do.  to  7.   0    and  0.    K  0  =  0.  0.35.  0 

Do.  to  0. 12    and  0.   1.  0  =  0.   0.   1.  0 

Do.  to  7.  0    and  0.  0,50  =  0.  0*29. 10 

Do.  to  0.12    and  0.   0.50  =  0.  0.  0.50 

Do.  to  7.   0    and  0.   0.  9  =  0.  0.   5. 15 

Do.  to  0. 12    and  0.  0.  9  =  0.  0.  0.  9 


Propor.  part  to  7*12r  and  6?3r.59r   is   3.55. 11.24  =  +  3?55:ilr 


Moon's  longitude,  as  required 7'21?lK38r 

To  find  the  Moon's  Latitude :— 

» 

Moon's  latitude  at  noon,  August  2nd,  1824,  per  Nautical 

Almanac, 4?6:59r 

South,  decreasing,  and  var.  in  12  hours=23!35r 
Proportiqnal  part  to  7*  0?  and  20:  Or  =   fr.40r  O'r 


Do. 

to  0. 12 

and  20.   0 

= 

0.20.  0 

Do. 

to  7.  0 

and    3.   0 

=: 

1.45.  0 

Do. 

to  0.12 

and    3.  0 

= 

0.  3.  0 

Do. 

to  7-  0 

and    0.30 

r= 

0. 17.30 

Do. 

to  0. 12 

and    0.30 

:= 

0.  0.30 

Do. 

to  7.  0 

and    0.   5 

^ 

0.  2.65 

Do. 

to  0. 12 

and    0.   5 

0.  0.  5 

Proportional  part  to  7*  12T  and    23'35r  is  14.   9.   0   =   -  14!  9r 


Moon's  latitude,  as  required (South)  3?52!50r 

Note. — In  consequence  of  the  unequal  motion  of  the  moon  in  12  hours, 
(when  her  place  is  to  be  determined  with  astronomical  precision,)  the  pio- 
portional  part  of  the  variation  of  her  longitude  and  latitude,  found  as 
above,  must  be  corrected  by  the  equation  of  second  difference  contained  in. 
Table  XVIL 
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To  find  the  Moon's  Semidiameter  :— 

Moon's  semidiameter  at  noon,  August  2nd,  1824,  j^er  Nautical 

Almanac, 15'33* 

decreasing^  and  var.  in  12  hourssG? 
Proportional  part  to  7*  0?  and  61  =  3r30r 
Do.  to  0. 12    and  6    =  0.   6 


Proportional  part  to  7 -127  and  6r    is  3.36            =  —     4r 

Moon's  semidiameter,  as  required 15^29^ 

To  find  the  Moon's  Horizontal  Parallax  :— 

Moon's  horizontal  parallax  at  noon,  August  2nd,  1824,  per 

Nautical  Almanac, 57 -GT 

decreasing  and  var.  in  12  hours  =  23T 
Proportional  part  to  7*  0?  and  20r  =  lir40r 
Do.  to  0.12     and  20     =     0.20 

Do.  to  7.   0    and    3     =     1.45 

Do.  to  0. 12     and    3     =     0.   3 

Proportional  part  to  7*  12T    and  23r  is  13r48r          =  -      14r 

Moon's  horizontal  parallax,  as  required 56^52T 

Remarks. — 1.  It  is  evident  that,  in  the  above  operations,  the  greater 
part  of  the  figures  might  have  been  dispensed  with,  by  taking  out  two  or 
more  of  the  proportional  parts  at  once  ;  but  since  they  were  merely  ititended 
to  simplify  and  render  familiar  the  use  of  the  Table,  the  whole  of  the  pro- 
portional  parts  have  been  put  down  at  length. 

2.  lliis  Table  was  computed  according  to  the  rule  of  proportion,  viz.— 
As  12  hours  are  to  the  variation  of  the  moon's  longitude,  latitude,  right 
ascension,  &c.  &c.  &c.;  in  that  interval,  so  is  any  other  given  portion  of 
time  to  the  corresponding  proportional  part  of  such  variation. 


Parallax  of  the  Heavenly  Bodies. 


As  the  nature  of  celestial  parallax  is  but  little  understood  by  those  who 
have  not  had  an  opportunity  of  studying  the  elementary  parts  of  astro* 
nomy,  the  following  concise  and  practicable  method  of  finding  the  lunar 
horizontal  parallax  is^  therefore,  submitted  to  their  consideration ;  and. 


L 


90 


DESCRIPTION   AND   USB  OF  THB  TABL18. 


although  remarkably  familiar,  yet,  if  duly  attended  to,  it  cannot  fail  of 
giving  a  correct  idea  of  the  cause  and*  effects  of  celestial  parallax  in 
general* 

Defimiion.'^Tbe  parallax  of  the  moon,  sun,  or  planet,  is  the  distance 
between  its  true  and  apparent  places  in  the  starry  heavens.  The  true 
place  of  any  celestial  object,  referred  to  the  sphere  of  the  fixed  stars,  is  that 
ill  which  it  would  appear  if  seen  from  the  centre  of  the  earth  ;  the  appa- 
rent place  is  that  in  which  it  appears  to  an  observer  on  the  earth's 
surface. 

Illustration. 

In  the  annexed  dia- 
gram, let  A  B  D  E  be 
the  earth,  and  C  its  cen- 
tre; the  quadrant  H  I 
K  L  M  N  the  concave 
crystalline  arch,  or  the 
azure  sky  in  which  the 
moon  is  seen;  and  the 
quadrant  UVWXYZ 
an  arc  of  the  sphere  of 
the  fixed  stars.  Let  the 
dotted  line  A  I  a  be  the 
sensible  horizon  of  an 
observer  on  the  earth's 
surface  at  A :  to  him  the 
moon  at  1 2)  will  ap- 
pear in  the  horizon,  extended  to  the  starry  heavens,  at  the  hori- 
zontal point  a ;  but  to  an  observer  at  the  centre  C  (supposing  the  earth 
to  be  transparent)  she  will  appear  above  the  horizon  at  V,  which  is 
her  true  place.  The  angle  AIC  is  called  the  moon's  horizontal  parallax; 
and  is  equal  to  the  opposite  or  parallactic  angle  Via.  To  an  observer  at 
the  centre  C,  the  moon  K  2)  will  appear  at  W,  her  true  place ;  but  to  an 
observer  at  A,  she  will  appear  below  her  true  place  at  b :  the  difference, 
or  parallactic  angle  W  K  6,  equal  to  the  angle  A  K  C,  is  the  moon's  paral- 
lax at  the  altitude  K  2)  ;  and  so  on  to  the  zenith  Z,  where  the  parallax 
entirely  vanishes  :  for,  it  is  evident  that  the  ray  of  light  flowing  from  the 
moon,  when  in  the  zenith  at  N  D ,  must  be  in  the  same  right  line  with  the 
points  A  and  C.  From  this  it  will  appear  manifest  that  the  parallax  de- 
creases from  the  horizon  to  the  zenith  in  proportion  to  the  co-sine  of  the 
altitude ;  and,  vice  versOj  that  it  increases  from  the  zenith  to  the  horizon 
in  proportion  to  the  sine  of  the  zenith  distance  of  the  object. 

The  parallax  causes  the  moon,  sun,  or  planet,  to  appear  ne&rer  to  the 
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horizon  than  it  really  is ;  heoce  it  increases  the  zenith  distances  of  those 
objects*  The  fixed  stars  have  no  sensible  parallai ;  because  their  distance 
from  the  earth  is  so  inconceivably  great  that,  though  seen  from  opposite 
points  of  the  earth's  orbit,  they  always  appear  under  the  same  angle.  Hence 
the  diameter  of  the  earth's  orbit,  which  is  upwards  of  190  millions  of  miles 
in  extent,  is  but  as  a  dimenrianless  point  compared  with  the  immeasurable 
distance  of  those  refulgent  luminaries. 

These  being  premised,  we  will  now  proceed  to  the  proposed  method  of 
finding  the  moon's  horizontal  parallax. 

Rule. 

1.  Reduce  the  mean  time  of  the  moon's  transit  over  the  meridian  of 
Greenwich,  as  given  in  page  IV.  of  the  month  in  the  Nautical  Almanac, 
to  the  meridian  of  the  place  of  observation ;  as  thus  :— 

Find  the  difference  -  of  transit  between  the  given  day  and  the  day  /b{- 
lawing,  if  the  longitude  be  weit,  but  the  day  precetUtiff  if  eait;  and  it  will 
be  the  duly  retardation  of  transit.  Then  say.  As  the  sum  of  24  hours 
and  the  retardation  of  transit,  is  to  the  retardation ;  so  is  the  longitude,  in 
time,  to  a  correction ;  which  being  applied  b^  addition  to  the  time  of 
transit  over  the  meridian  of  Greenwich,  on  the  given  day,  if  the  longitude 
be  toeet,  but  by  subtraction  if  east ;  the  sum,  or  difference,  will  be  the  mean 
time  of  transit  over  the  meridian  of  the  place  of  observation.  To  this  time, 
let  the  moon*s  declination  and  semidiameter  be  carefully  reduced.     Then, 

2.  If  the  latitude  of  the  place  of  observation  and  the  moon's  corrected 
declination  be  of  the  same  name,  take  their  difference ;  but  if  of  contrary 
names,  their  sum  :  in  either  case  the  moon's  correct  meridional  zenith 
distance  will  be  obtained. 

3.  Lftft  the  meridional  altitude  of  the  moon's  lower  or  upper  limb  be 
very  carefully  taken  at  the  moment  of  transit;  to  which  apply  her  corrected 
semidiameter,  and  the  corresponding  refraction ;  the  result  will  be  the 
appaient  meridional  altitude  of  the  moon's  centre ;  the  difference  between 
which  and  90  degrees  will  be  the  moon's  apparent  meridional  zenith  dis- 
tance ;  this  will  be  always  greater  than  the  true  meridional  zenith  distance; 
the  excess  will  be  the  parallactic  angle  corresponding  to  the  apparent 
meridional  zenith  distance.  The  parallactic  angle  being  thus  known,  the 
horizontal  parallax  may  be  readily  computed  in  the  following  manner, 
viz.  ;— 

4.  Suppose  the  moon's  apparent  place  in  the  concave  arch  of  the  firma- 
ment to  be  at  K  D  in  the  prededing  diagram,  then  her  apparent  zenith 
distance  is  Z  6,  and  her  true  zenith  distance  Z  W ;  the  difference  between 
these,  viz.,  the  angle  W  K.6,  is  the  parallactic  angle  in  altitude.    Then, 

As  the  sine  of  the  apparent  zenith  distance  Z  A  6,  is  to  the  sine  of  the 
pardlactic  angle  W  K  i^  -so  is  the  sine  of  the  zenith  distance  or  right  angle 
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ZA  a,  to  the  sine  of  the  horizontal  parallactic  angle  Via;  but,  as  this 
angle  is  equal  to  its  opposite  angle  A  I  C,  it  is  therefore  equal  to  tlie  true 
value  of  the  moon's  horiasontal  parallax,  or  the  angle  which  the  earth's 
semidiameter,  A  C,  subtends  at  the  moon. 

Note. — In  the  above  method  of  finding  the  moon's  horizontal  parallax, 
it  is  indispensably  necessary  that  the  latitude  of  the  place  of  observation 
be  very  strictly  established  ;  and  that  the  meridional  altitude  be  determined 
with  the  most  rigid  degree  of  exactness  by  means  of  a  sextant  and  an 
artificial  horizon ;  both  of  which  must  be  perfectly  free  from  errors;  or  the 
value  of  the  errors,  if  any,  correctly  known.  If  these  precautions  be 
attended  to,  the  moon's  horizontal  parallax  may  be  very  accurately  ob- 
tained ;  for,  since  the  moon  at  the  instant  of  her  transit  over  the  meridian 
has  no  parallax  in  right  ascension,  but  ali  in  declination ;  and  since  the 
circle  of  declination,  at  that  moment,  is  in  the  plane  of  the  meridian 
which  cuts  the  horizon  at  right  angles,  the  parallax  can  only  affect  the 
meridional  zenith  distance  in  a  vertical  manner,  by  making  it  more  than 
the  truth;  and  therefore  the  difference  between  the  apparent  and  the  true 
zenith  distances  must  be  the  correct  parallactic  angle. 

The  most  proper  time  for  determining  the  lunar  parallax,  is  when  the 
moon's  declination  is  at  its  maximum ;  because,  then,  that  luminary,  like 
the  sun  at  the  solstices,  seems  to  make  a  momentary  pause  before  returning 
towards  the  equinoctial.  At  that  moment,  and  no  other ^  her  parallel  of 
declination  is  duly  bisected  by  the  meridian  of  the  place  of  observation ; 
and  therefore  the  agency  of  her  parallax  must  depress  her  apparent  place 
in  the  plane  of  the  observer's  meridian  in  a  true  vertical  manner. 

Example. 

November  6th,  1834,  in  latitude  51?30M9r  Northland  nearly  under 
the  meridian  of  Greenwich,  the  moon  passed  the  meridian  at  4M9T36! 
meantime;  at  which  moment  her  correct  declination  was  24?28^37^ 
South,  and  her  true  semidiameter  15^361^ ;  required  the  moon's  parallactic 
angle,  and  her  horizontal  parallax  ? 

Latitude  of  the  place  of  observation      •     .     51?30M9?  North. 
Moon's  reduced  declination 24. 28. 37  South. 


Moon's  true  meridional  zenith  distance  =  •    7b'lb9'^2l&t 

The  altitude  of  the  moon's  lower  limb,  taken  by  means  of  a  good 
sextant  and  an  artificial  horizon,  at  the  moment  of  transit  on  the  given 
day,  was  25?46^20r;  the  half  of  which,  or  12?53:10:  :=  the  correct 
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obeenred  altitode  of  the  moon's  lower  limb.    Let  this  be  redaced  to  tht 
apparent  central  altitude  in  the  following  manner : — 

Observed  altitude  of  moon's  lower  limb  =     •    •    •     •     12?  53  ^10? 

Moon's  semidiameter  at  time  of  transit + 15. 36 

Augmentation  of  semidiameter,  Table  IV,  =  .     •     .    .       +  0,   3 

Approximate  altitude 13°  8.49^ 

Refraction  corresponding  to  ditto  in  Table  VIII.  =  .     .       —  4.    1 

Apparent  altitude  of  the  moon's  centre 13?  4'.48T 

Moon's  apparent  meridional  zenith  distance        •     •     .    76?55'12T 
Moon's  correct  meridional  zenith  distance     • 75*  59. 26 


■^ 


Diflference  of  diuo  = 0?65^46^ 

Which,  therefore,  is  the  value  of  the  moon's  parallax  in  altitude,  or  the 
true  measure  of  her  meridional  parallactic  angle.  This  being  known,  the 
horizontal  parallax  is  to  be  deduced  therefrom  in  conformity  with  the 
fourth  section  of  the  rule. — As  thus  : — 

As  moon's  apparent  zenith  dist&nce  76°55'  12^,  Co-secant  =    0. 011416 
:    Parallactic  angle       ....  55^46r  -  Sine  8.210082 

::  The  zenith  distance  of       .    .    90?  0:  0'/  -  Sine  10.000000 

:    Horizontal  parallax       .     .     .  67'15r  -  Sine  =         8.221498 

Hence,  the  moon's  horizontal  parallax  is  57'  15^  5  which  diflfers  but  one 
iecond  from  that  given  in  the  Nautical  Almanac. 

Remarks. — Were  the  sun  not  so  very  remote  from  the  earth,  its  hori- 
zontal parallax  could  be  determined  with  as  much  ease  as  that  of  the 
moon ;  but  since  the  sun  is,  at  a  mean  rate,  about  400  times  farther  from 
us  than  the  moon  is,  its  horizontal  parallax,  or  the  difference  between  its 
true  and  apparent  places  in  the  heavens  as  seen  by  two  observers  at  the 
same  instant,  the  one  on  the  surface  and  the  other  at  the  centre  of  the 
earth,  becomes  so  exceedingly  acute  as  not  to  be  easily  determined  with 
any  degree  of  accuracy. 

The  only  correct  method  of  finding  the  sun's  horizontal  parallax  is  by 
means  of  the  transits  of  V^enus  over  the  face  of  the  sun ;  these,  however, 
are  but  very  rarely  seen  5  for  they  can  only  happen  when  Venus  is  between 
the  earth  and  the  sun,  and  when  the  earth  is  in  the  saihe  right  line  with 
one  of  her  nodes:  and  she  cannot  be  in  this  favourable  position  with  respect 
to  the  earth,  but  after  the  long  intervals  of  105,  235,  or  243  years.  The 
last  transit  was  in  the  year  1769;  and  there  cannot  be  another  till  the  year 
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1874.  However^  from  a  careful  comparison  of  a  great  number  of  obser- 
vations of  the  transits  which  took  place  in  the  years  1761  and  1769,  it  has 
been  found  that  the  mean  horizontal  parallax  of  the  sun  is  8^58.  There 
is  every  reason  to  believe  that  this  is  the  correct  value  of  the  solar  paral- 
lactic angle  reduced  to  the  horizon ;  because  the  observations  were  made 
in  so  many  different  parts  of  the  world,  and  by  men  so  highly  renowned  in 
the  annals  of  science  that  no  reasonable  doubts  can  be  entertiuned  of  its 
correctness.  The  transits  were  observed  at  London,  at  Hackney,  and  at 
Liskeard  in  Cornwall ;  at  Paris,  at  Stockholm,  and  at  Hernosand  in  Sweden ; 
at  Tobolsk  in  Siberia ;  at  the  Cape  of  Good  Hope ;  at  Madras,  and  at 
Calcutta  in  the  East  Indies ;  and  yet,  in  all  those  places,  so  widely  distant 
from  each  other,  there  was  such  a  remarkable  coincidence  in  the  results  of 
the  observations  as  to  justify  astronomers  in.  coming  to  the  conclusion  that 
the  mean  value  of  the  sun's  horizontal  parallax  is  not  more  than  8^58 ; 
which  is  the  measure  of  the  angle  that  the  earth's  semidiameter  of  3d&8} 
miles,  subtends  at  the  sun. 

Now,  the  moon's  horizontal  parallax  being  duly  established,  as  stated 
in  page  33,  her  absolute  distance  from  the  earth  may  be  readily  defer- 
mined ;  for,  in  the  right  angled  triangle  C  A  I  (diagram  page  30),  the 
earth's  semidiameter  A  C  is  given  =  3958. 75  miles,  and  the  opposite  angle 
A  I  C  s=  the  moon's  horizontal  parallax  57  •  15^,  to  find  the  side  CI  =  the 
moon's  distance  from  the  centre  of  the  earth.  Hence,  by  plane  trigono- 
metry : — 

As  moon's  horizontal  parallax  57'*  15^',  sine  comp.  arith.  .  1.7785185 
Is  to  the  earth's  semidiameter— 3958. 75,  logarithm  •  •  •  3. 5975581 
So  is  radius 90  degrees — sine      .  10. 0000000 


To  the  moon's  true  distance  =  237726|  miles  logarithm  =  5. 376076C 
But  since  the  moon's  horizontal  parallax  varies  from  about  53^55''  to 
61^25^,  the  moon's  distance  from  the  earth,  found  as  above,  will  decrease 
or  increase  according  as  her  horizontal  parallax  may  be  greater  or  less  than 
57*15'/;  and  hence  it  is  that  the  distance  thus  determined  is  1034  miles 
greater  than  that  which  is  established  in  page  9. 

iVb/e.— -Because  the  distances  of  the  sun  am}  planets  are  in  the  inverse 
ratio  of  the  sines  of  their  horizontal  parallaxes ;  therefore,  since  the  solar 
and  lunar  parallactic  angles  are  given,  and  that  the  moon's  distance  from 
the  earth  is  known,  the  sun's  distance  from  the  earth  may  be  readily  com- 
puted in  the  following  manner,  viz. : — 

As  the  sun's  horizontal  parallax  =  8'/58  sine  comp.  arith.  .  •  14.3816667 
Is  to  the  moon's  horizontal  parallax  =  57  •  15?  sine  ...  8. 2214815 
So  is  the  moon's  distance  from  the  earth  237726. 5  miles  log.s  5. 3760766 


T#  the  sun's  distance  bom  the  eartbs:95328955  miles  log»s7- 9792248 
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If  the  sun's  horizontal  parallax  be  assumed  at  8^65^  its  distance  from 
the  earth  will  be  94546196  miles :  and  thus  the  small  difference  of  0^07 
in  the  horizoiftal  parallax  will  produce  a  difference  of  782759  miles  in  the 
distance* 

Table  XVII. 

Equation  of  Second  Difference. 

Since  the  moon's  longitude  and  latitude  require  to  be  strictly  deter- 
mined on  various  astronomical  occasions,  and  since  the  reduction  of  these 
elements,  to  a  given  instant,  cannot  be  performed  by  even  proportion^  on 
account  of  the  gredt  inequalities  to  which  the  lunar  motions  are  subject ;— - 
a  €orreciionf  therefore^  resulting  from  these  inequalities^  must  be  applied 
to  the  proportional  part  of  the  moon's  longitude  or  latitude,  answering  to 
a  given  period  after  noon  or  midnight,  as  deduced  from  the  preceding 
Table  or  otherwise,  in  order  to  have  it  truly  accurate.  This  correction  is 
contained  in  the  present  Table,  the  arguments  of  which  are,— the  mtetl 
second  difference  of  the  moon's  place  at  top  ;  and  the  apparent  or  Green- 
wich time  past  noon,  or  midnight,  in  the  left  or  right  hand  column;  in  the 
angle  of  meeting  stands  the  corresponding  equation  qr  correction* 

The  Table  is  divided  into  two  parts  :  the  upper  part  is  adapted  to  the 
mean  second  difference  of  the  moon's  place  in  seconds  of  a  degree,  and  in 
which  the  equations  are  expressed  in  seconds  and  decimal  parts  of  a 
second ;  the  lower  part  is  adapted  to  minutes  of  mean  second  difference ; 
the  equations  being  expressed  in  minutes  and  seconds,  and  decimal  parts 
of  a  second. 

In  using  this  Table,  should  the  mean  second  difference  of  the  moon's 
place  exceed  its  limits,  the  sum  of  the  equations  corresponding  to  the 
several  terms  which  make  up  the  mean  second  difference,  in  both  parts  of 
the  Table,  is,  in  such  case,  to  be  taken.  The  manner  of  applying  the 
equation  of  second  difference  to  the  proportional  part  of  the  moon's 
motion  in  latitude  and  longitude,  as  deduced  from  the  preceding  Table, 
or  obtained  by  even  proportion,  will  be  seen  in  the  solution  of  the 
following 

Problem. 

To  reduce  the  Moon's  Latitude  and  Longitude^  as  given  in  the  Nautical 
Almanac,  to  any  given  Time  under  a  known  Meridian. 

Rule, 

Turn  the  longitude  into  time  (by  Table  I.),  and  apply  it  to  the  mean 
time  at  ship  or  place  by  addition  in  west^  or  subtraction  in  east  longitude; 
lad  the  mm^  or  difference,  will  be  the  corresponding  time  at  Greenwich. 

D  2 
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Take  from  the  Nautical  Almanac  the  two  longitudes  and  latitudes^  im- 
mediately ji^recediin^  VLnd/ottoiving  the  Greenwich  time,  and  find  the  differ- 
ence  between  each  pair  successively ;  find  also  the  second  oifference,  and 
let  its  mean  be  taken. 

Find  the  proportional  part  of  the  middle  first  difference  (the  variation 
of  the  moon's  motion  in  12  hours)  by  Table  XVI. ,  answering  to  the 
Greenwich  time. 

With  the  mean  second  difference,  found  as  above,  and  the  Greenwich 
time^  enter  Table  XVII.,  and  take  out  the  corresponding  equation.  Now, 
this  equation  being  added  to  the  proportional  part  of  the  moon's  motion 
if  the  first  first  difference  is  greater  than  the  third  first  difference,  but 
subtracted  if  it  be  kss,  the  sum  or  difference  will  be  the  correct  propor- 
tional part  of  the  moon's  motion  in  12  hours. 

The  correct  proportional  part,  thus  found,  is  always  to  be  added  to  the 
moon's  longitude  at  the  noon  or  midnight  preceding  the  Greenwich  time  ; 
but  to  be  applied  by  addition  or  stibtraction  to  her  latitude,  according  as 
it  may  be  increasing  or  decreasing. 

Example. 

Required  the  moon's  correct  longitude  and  latitude,  August  2nd,  1S24, 
at  3t  10?  mean  time,  in  longitude  60°30'  west  of  the  meridian  of 
Greenwich  ? 

Mean  time  at  ship  or  place 3  MO? 

Ifongitude  60?30!  west  in  time   ==      .     •     .    4.   2 

Greenwich  time 7*12" 

To  find  Moon's  correct  Longitude  :— 

First      Second  Mean 
Diff.         Diff.  2d  Diff. 

Moon's  long.  Aug.  lst,atmidnt.7;lO°88'49'/.^oQ^/QQ-rl 

Do.  2     atnoon    7- 17- 16.27     ^•^^-^^jS^Sgr. 

Do.  2    atmidnt,7.23.48.26   }6.31.59  jo.^/j. 

Do.  3     atnoon   8.   0.15.   9   }6.26.43   ^^'^^ 

Propor.  part  from  Table  XVI.,  ans.  to  7*12?  and  6?31  ^59r  is  3?55 C 1 1  r24? 

Eq.fromTab.XVII.,corres.to7*12?and5'   0?=  36r.O 

and  0.20  =r  2  .4 
andO.   7j=    0  .9 

Eq.ofmeanseconddiff.an8.to7*12?and6^27i''is39r  3  =    +    Sg^TlSr 

Correct  proportional  part  of  the  moon's  motion  in  longitude  3?56'50?42T 
Moon's  longitude  at  noon,  August  2(1,  1824      .     .     .    7- 17- 16. 27-   0 

Moon's  correct  longitude,  at  the  given  time      .    .    •    7-21?12:i7^42T 
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To  find  the  Moon's  correct  Latitude  :— 

First    Second      Mean 
Diff.|      Diff.      2d  Diff. 

Moon's  lat  Aug.  1st,  at  midnt.  4?27'37^  S.^rtn/oQ-fi 

Do.  2      at  noon    4.   6.59  -^"••^«}2:57r  \^,^,^ 

Do.  2      at  midnt.  3. 43. 24         J23.35  ]2'44. 

Do.  3      at  noon    3.17.18        \26.   6  *   ^^ 

Pro.  part,  from  Table  XVI.,  ans.  to  7M2T  and  23^35r  is  0?14:9r 
Eq.  from  Tab.  XVII.,  cor.  to  7*  12?  and  2^   0  =  14r.  4 

and  0.40=:    4  .8 
andO.   4  :=    0  .5 


Eq.  of  mean  sec.  diff.,  ans.  to  7*  12?  and  2'.44r  is  19'r.7=:  -  19?. 7 

Correct  proportional  part  of  the  moon's  motion  in  lat.  0?  13^49?.  3 
Moon's  latitude  at  noon,  August  2d,  1824      .     •     .     4.   6.59  .OS. 

Moon's  correct  latitude  at  the  given  time  ....     3?53^  9?.  7  south. 

Note. — It  frequently  happens  that  the  three  first  differences  first  increase 
and  then  decrease,  or  vice  versa,  first  decrease  and  then  increase ;  in  this 
case  Juilf  the  Afference  of  the  two  second  differences  is  to  be  esieemed  as 
the  mean  second  difference  of  the  moon's  place  :  as  thus. 

First     Second     Mean 
Diff.      Diff.    2d  Diff. 

Mn'sdec.Aug.  18th,1824,atmidi.24?23'26?N. ,  iq/oi  "i 
Do.  19  at  noon  24.41.47       T  l^^'^G-U.or. 

Do.  19  at  midt,  24. 37. 52       }  3.55  {23.18  i^"^^- 

Do.  20  at  noon  24. 10. 39       }27.13   ^ 

Here  the  two  second  differences  are  14 '26?,  and  23'  18?  respectively  \ 
therefore  half  their  difference,  viz.,  8'52?  -r-  2  =  4'26?  is  the  mean 
second  difference.  Now,  if  the  Greenwich  time  be  5? 40?  past  noon  of 
the  19th,  the  corresponding  equation  in  Table  XVII.  will  be  33?  sub- 
tractvcey  because  the  iix%l  first  difference  is  less  than  the  third ^r*^  differ'" 
ence  ;  had  it  been  greater,  the  equation  would  be  additive. 

The  equation  of  second  difference,  contained  in  the  present  Table,  was 
computed  by  the  following 

Rule. 

To  the  constant  log.  7*  540607  add  the  log.  of  the  mean  second  differ- 
ence reduced  to  seconds  ;  the  log.  of  tlie  time  from  noon,  and  the  log.  of 
the  difference  of  that  time  to  12  hours  (both  expressed  in  hours  and 
decimal  parts  of  an  hour) :  the  sum,  rejecting  10  from  the  index,  will  be 
the  log.  of  the  equation  of  second  difference  in  seconds  pf  a  degree. 


38  BBMBIPTION   AND   USE  OP  TfiB  TABLES. 

Exampk. 

Let  the  mean  second  difference  of  the  moon's  place  be  8  minutes^  and 
the  mean  time  past  noon  or  midnight  St  20?;  required  the  correspond- 
ing equation  ? 

Mean  second  difference^  8  minutes  =:  480  seconds.  Log.  =  2. 681241 
Mean  time  past  noon  or  midnight  =  3* .  333  Log.  =  0. 522835 
Difference  of  do.  to  12  hours  8t .  666        Log.  =  0. 937819 

Constant  log.  (ar.  co.  of  log.  of  288  =  24  x  12)      .     .     =7. 540607 

Required  equation 48r.  14  Log.  =  1 .  682502 


Table  XVIIL 

Correction  of  the  Moon's  apparent  Altitude, 

By  the  correction  of  the  moon's  apparent  altitude  is  meant  the  differ- 
ence between  the  parallax  of  that  object,  at  any  given  altitude,  and  the 
refraction  corresponding  to  that  altitude. 

This  correction  was  computed  by  the  following  rule ;  viz. 

To  the  log.  secant  of  the  moon's  apparent  altitude,  add  the  proportional 
log.  of  her  horizontal  parallax  ;  and  the  sum,  abating  10  in  the  index,  will 
be  the  proportional  log.  of  the  parallax  in  altitude  ;  which,  being  diminished 
by  the  refraction^  will  leave  the  correction  of  the  moon's  apparent  altitude. 

Exan^le. 

Let  the  moon's  apparent  altitude  be25?40C,  and  her  horizontal  parallax 
59  minutes ;  required  the  correction  of  the  apparent  altitude  ? 

Moon's  apparent  altitude     •     •     •     •    25?40C     Log.  secant  =  10.0451 
Moon's  horizontal  parallax  •     •     •     •      0. 59      Propor.  log.  ~    0. 4844 


Moon's  parallax  in  altitude       •     •     .    53 '  1 1  ^  =  Propor.  log.  =   0. 5295 
Refraction  ans.  to  app.  alt.inTab.VIIL     1. 58 


Correction  of  the  moon's  appar.  altitude  51 '.  13^ 

The  correction,  thus  computed,  is  arranged  in  the  present  Table,  where 
it  is  given  to  every  tenth  minute  of  apparent  altitude,  and  to  each  minute 
of  horizontal  parallax.  The  proportional  part  for  the  excess  of  the  given 
above  the  next  less  tabular  altitude,  is  contained  in  the  right-hand  column 
of  each  page ;  and  that  answering  to  the  seconds  of  parallax  is  given  in 
the  intermediate  part  of  the  Table, 
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This  correction  is  to  be  taken  out  of  the  Table  in  the  following  manner ; 
viz. 

Enter  the  Table  with  the  moon's  apparent  altitude  in  the  left-hand 
column^  or  the  altitude  next  kss  if  there  be  any  odd  minutea ;  opposite  to 
which^  and  under  the  minutes  of  the  moon's  horizontal  parallax,  will  be 
found  the  approximate  correction.  Enter  the  compartment  of  the  "  Pro- 
portional parts  to  seconds  of  parallax,"  abreast  of  the  approximate  correc- 
tion, with  the  tenths  of  seconds  of  the  moon's  horizontal  parallax  in  the 
vertical  column^  and  the  units  at  the  top ;  in  the  angle  of  meeting  will  be 
found  the  proportional  part  for  seconds^  which  add  to  the  approximate 
correction.    Tlien, 

Enter  the  last  or  right-hand  column  of  the  page,  abreast  of  the  appro^ti* 
mate  correction  or  nearly  so,  and  find  the  proportional  part  corresponding 
to  the  odd  minutes  of  altitude.  Now,  this  being  added  to  or  subtracted  , 
from  the  approximate  correction,  according  to  its  sign,  will  leave  the  true 
correction  of  the  moon's  apparent  altitude.  And  since  the  apparent  alti- 
tude of  a  celestial  object  is  depressed  by  parallax  and  raised  by  refraction, 
and  the  lunar  parallax  being  always  greater  than  the  refraction  to  the  same 
altitude,  it  hence  follows  that  the  correction,  thus  deduced,  is  always  to  be 
applied  by  addition  to  the  moon's  apparent  altitude. 

Example  1. 

Let  the  moon's  apparent  altitude  be  8?38^,  and  her  horizontal  parallax 
57'46T  ;  required  the  corresponding  correction  ? 

Correction  to  alt.  8?30:,  and  horiz.  parallax  67^0^  is     60'  14^ 
Propor.  part  to  46  seconds  of  horiz.  parallax     .     •     +     0. 46 
Do.       toSrain.ofalt.  (8^xOr.6=4r.O)    =   +     0.   4 


Correction  of  the  moon's  apparent  altitude,  as  required  51 .  4" 

Example  2. 

Let  the  moon's  apparent  altitude  be  33?  16',  and  her  horizontal  parallax 
b9'34s  ;  required  the  corresponding  correction  ? 

Correction  to  alt.  33?  10^  and  horiz.  parallax 59 '.Or  is     47^56: 
Propor.  part  to  34  seconds  of  horiz.  parallax    ...     4-     28 
Do.        to  6  minutes  of  altitude — •       3 


Correction  of  the  moon's  apparent  altitude,  as  required  43'.211 
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Table  XIX. 

To  reduce  the.  True  Altitudes  of  the  Sun,  Moon,  Stars,  and  Planets,  to 

their  Apparent  Altitudes. 

This  Table  is  particularly  useful  in  that  method  of  finding  the  longitude 
by  lunar  observations,  where  the  distance  only  is  given,  and  where,  of 
course^  the  altitudes  of  the  objects  must  be  obtained  by  computation. 

The  Table  consists  of  two  pages,  each  page  being  divided  into  two 
parts :  the  left-hand  part  contains  four  columns ;  the  first  of  which  com- 
prehends the  true  altitude  of  the  sun  or  star ;  the  second  the  reduction  of 
the  sun's  true  altitude ;  the  third  the  reduction  of  a  star's  true  altitude ; 
and  the  fourth  the  common  difference  of  those  reductions  to  1  minute  of 
altitude  for  sun  or  star.  *  • 

The  other  part  of  the  Table  is  appropriated  to  the  moon ;  in  which  the 
true  altitude  of  that  object  is  given  in  the  column  marked  *^  Moon's  true 
altitude,"  and  her  horizontal  parallax  at  top  or  bottom ;  the  two  last  or 
right-hand  columns  of  each  page  contain  the  difference  to  I  minute  of 
altitude,  and  1  second  of  parallax  respectively ;  by  means  of  which  the 
reduction  may  be  easily  taken  out  to  minutes  of  altitude  and  seconds  of 
horizontal  parallax. 

The  first  part  of  the  Table  is  to  be  entered  with  the  sun's  or  star's  true 
altitude  (or  the  altitude  next  less  when  there  are  any  odd  minutes,  as  there 
generally  will  be),  in  the  left-hand  column  ;  abreast  of  which,  in  the  proper 
column,  will  be  found  the  approximate  reduction ;  from  which  let  the  pro- 
duct of  the  difference  to  1  minute  by  the  excess  of  the  odd  minutes  above 
the  tabular  altitude,  be  subtracted,  and  the  remainder  will  be  the  true 
reduction  of  altitude  for  sun  or  star. 


Example  1. 

Let  the  true  altitude  of  the  sun's  centre  be  8M5C ;  required  the  reduc- 
tion to  apparent  altitude  ? 

Correction  corresponding  to  altitude  8  degrees 6' 15^ 

Cor.  for  min.  of  alt. ;  viz,  diff.  to  1  min.of  alt.=0r70x  15C=10T.5=-10 

Required  reduction  =c 6^  5T 

Example  2. 

Given  the  true  altitude  of  a  star  I9?45^;  the  reduction  to  apparent 
altitude  is  required  ? 
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Correction  corresponding  to  altitude  19  degrees    .  • 2144T 

Cor.  for  min.  of  alt.;  viz.  diff.  to  1  min.  ofalt.s=0f,15x  45^=6^75==— 7 


Required  reduction  =     .     .     .  • 2 '37^ 

In  the  case  of  a  planet^  proceed  the  same  as  if  it  were  a  fixed  star ; 
then,  the  tabular  reduction  being  diminished  by  the  value  of  the  planet's 
parallax  in  altitude,  Table  VI.,  the  result  will  be  its  true  correction  of 
altitude. 

The  reduction  of  the  moon's  true  altitude  is  to  be  taken  from  the  second 
part  of  the  Table,  by  entering  that  part  with  the  true  altitude  in  the  proper 
column  (or  the  altitude  ne^^t  less  when  there  are  any  odd  minutes)  and  the 
horizontBl  parallax  at  top  or  bottom ;  in  the  angle  of  meeting  will  be  found 
a  correction ;  to  which  apply  the  product  of  the  difference  to  I  minute  by 
the  excess  of  the  odd  minutes  above  the  tabular  altitude  by  subtraeHon^* 
and  (be  product  of  the  difference  to  1  second  by  the  odd  seconds  of  parallax 
by  addiiion :  and  the  true  reduction  will  be  obtained,  as  may  be  seen  in 
the  following 

Example. 

Let  the  true  altitude  of  the  moon's  centre  be  29?  13^,  and  her  horizontal 
parallax  58^37^;  required  the  corresponding  reduction  to  apparent  alti- 
tude? 

Correc.  corres.  to  alt.  29  degs.,  and  horiz.  parallax  58'  =    .     .     49f22T 
Cor.  for  min.  of  alt.;  viz.,  diff.  to  1  min.  of  alt.  =0^.41  x  13'=5T.3=— 5 
Cor.  for  sees,  of  par.;  viz.diff.tolsec.  ofpar.=0r.90x  37^^=33'' .3= +33 

Required  reduction      . 49C50T 

Remark. — ^The  reduction  of  the  sun's  true  altitude  is  obtained  bvincreas- 
ing  that  altitude  by  the  difference  between  the  refraction  and  parallax  cor- 
responding thereto  :  then,  the  difference  between  the  refraction  and  paral- 
lax answering  to  that  augmented  altitude,  will  be  the  reduction  of  the  true 
altitude. 

Example. 

Let  the  true  altitude  of  the  sun's  centre  be  5  degrees ;  required  the 
reduction  to  apparent  altitude  ? 


*  When  the  moon's  altitude  is  less  than  15  degrees,  the  product  is  to  be  apptied  by 
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I 

Sun's  true  altitude  .  .  <  .  5?  Oi  07 
Refract.  Tab.  VIlI.=9:54r  1  ..„  q,  .. « 
Paral.  Table  VII.      0.  9  I 

Augmented  altitude     •     •     •     .     5?  9145^, refiac.aiis. towhicIiis9'38'/ 

and  parallax     .     0.    9 

Required  reduction  s 9 '29? 

The  correction  for  reducing  a  star's  true  altitude  to  its  apparent^  is 
obtained  in  the  «ame  manner,  omitting  what  relates  to  parallax.  Thus,  if 
the  true  altitude  of  a  star  be  8  degrees,  and  the  corresponding  refraction 
6129^,  their  sum,  viz.,  8?6'29?  will  be  the  augmented  altitude;  the 
refraction  answering  to  this  is  6.24?,  which,  therefore,  is  the  reduction  of 
the  true  to  the  apparent  altitude  of  the  star. 

The  correction  for  reducing  the  true  altitude  of  the  moon  to  the  appa- 
rent, is  found  by  diminishing  the  true  altitude  by  the  difference  between 
the  parallax  and  refraction  answering  thereto ;  then  the  difference  between 
the  parallax  and  refraction  corresponding  to  the  altitude  so  diminiiihed, 
will  be  the  reduction  of  the  true  to  the  apparent  altitude.     As  thus  :— 

Let  the  true  altitude  of  the  moon's  centre  be  10  degrees,  and  her  hori- 
zontal parallax  57  minutes ;  required  the  reduction  to  apparent  altitude  ? 

Moon's  true  altitude 10?  0'  Or     Log.  secant  10.0066 

Do.  horizontal  parallax    ....  57*  OT     Propor.log.    0.4994 

■ 

Parallax  in  altitude 561  8r     Propor.log.     0.5060 

Refrac.  to  altitude  10?,  Table  VIII.    =      5. 15 

Difference  between  parallax  and  refracts  50' 53'/ 


^ 


Diminished  altitude 9?  91  7r  Log.  secant   10.0056 

Horizontal  parallax 57-0  Propor.  log.     0. 4994 

Parallax  in  altitude 561 16f  Propor.log.     0.5050 

Refrac.  to  diminished  alt.  Table  VIII.  5. 42 

Difference 50134'';  which,  therefore,  is  the 

required  reduction. 


t 


Table  XX, 

Auanliary  Angles. 

Since  the  solution  of  the  Problem  for  finding  the  longitude  at  sea,  by 
celestial  observation,  is  very  considerably  abridged  by  the  introduction  of 
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an  enuriUary  angle  into  die  operation,  the  true  central  distance  bcfing  hence 
readily  determined  to  the  nearest  second  of  a  degree  by  the  simple  addition 
of  five  natural  versed  sines ;  this  Table  has,  therefore,  been  computed ;  and 
to  render  it  as  convenient  as  possible,  it  is  extended  to  every  tenth  minute 
of  the  moon's  apparent  altitude,  and  to  each  minute  of  her  boriscontal 
parallax ;  with  proportional  parts  adapted  to  the  intermediate  minutes  of 
altitude,  and  to  the  seconds  of  horizontal  parallax. 
This  Table  was  calculated  in  the  following  manner : — 
To  the  moon's  apparent  altitude  apply  the  correction  from  Table  XVIIL, 
and  the  sum  will  be  her  true  altitude ;  from  the  log.  cosine  of  which  (the 
index  being  augmented  by  10)  subtract  the  log.  cosine  of  her  apparent 
altitude,  and  the  remainder  will  be  a  log.,  which,  being  diminished  by  the 
constant  log,  .  300910,^  will  give  the  logarithmic  cosine  of  the  auxiliary 
angle. 

E^cample. 

Let  the  moon's  apparent  altitude  be  4  degrees,  and  her  horizontal  paral- 
lax 55  minutes ;  required  the  corresponding  auxiliary  angle  ? 

Moon's  apparent  altitude  .     4?  01  01     Liog.  cosine  ,•    9.998941 
Correction  from  Table  XVI IL+ 43.   2 


Moon's  true  altitude    .     •    4^431  2?    Log.  cosine    .    9.996527 


Log.     .    .    .    9.999586 
Constant  log.      0. 300910 


Auxiliary  angle,  as  required  60?1  ^2lr  =  Log.  cosine     .     9. 698676 

The  correction  of  the  auxiliary  angle  for  the  sun's  or  star's  apparent 
altitude,  given  at  the  bottom  of  each  page  of  the  Table,  was  computed  by 
the  following  rule — viz. 

From  the  log.  cosine  of  the  sun's  or  star's  true  altitude  subtract  the  log. 
cosine  of  the  apparent  altitude,  and  find  the  difference  between  the 
remainder  and  the  constant  log.  .000120.  f  Now,  this  difference  being 
subtracted  from  the  log.  cosine  of  60  degrees,  will  leave  the  log.  cosine  of 
an  arch ;  the  difference  between  which  and  60  degrees  will  be  the  correc- 
tion of  the  auxiliary  angle  depending  on  the  apparent  altitude  of  the  sun 
or  star. 


*  Thit  is  the  log.  secant,  less  radius,  of  60  degrees  diminished  by  .000120,  the  difference 
between  the  log.  cosines  of  a  star's  true  and  apparent  altitude  betwixt  30  and  90  degrees. 

t  This  is  the  difference  between  the  log.  cosines  of  a  star's  true  and  apparent  altitude 
between  30  and  90  degrees. 


44  OBHCEIPTION   AND   USB  OP  THB  TABLES. 

Example. 

Let  the  sun's  or  star's  apparent  altitude  be  3  degrees ;  required  the 
correction  of  the  auxiliary  angle  ? 

Sun's  apparent  altitude 3?  0^  OT  Log.  cosine  9. 999404 

Refract.  Table  VIIL  14^36^1  difference- 14^27 ^ 
Parallax.  Table  VIL  9  j 


Sun's  true  altitude 2M5:33r    Log.  cosine  9. 999497 


Remainder  0.000093 
Const,  log.  0. 000120 


Difference  0.000027 
60?  O:  or  Log.  cosine  9. 698970 


Arch 60.   0.   8    Log.  cosine  9. 698943 


Difference 0?  0!  8r ;  which,  therefore,  is  the 

required  correction  of  the  auxiliary  angle. 

In  this  Table  the  auxiliary  angle  is  given  to  every  tenth  minute  of  the 
moon's  apparent  altitude  (as  has  been  before  observed)  from  the  horizon 
to  the  zenith,  and  to  each  minute  of  horizontal  parallax.  The  proportional 
part  for  the  excess  of  the  given,  above  the  next  less  tabular  altitude  is  con- 
tained in  the  right-hand  column  of  each  page;  and  that  answering  to  the 
seconds  of  parallax  is  given  in  the  intermediate  part  of  the  Table.  The 
correction  depending  on  the  sun's  or  star's  apparent  altitude  is  placed  at 
the  bottom  of  the  Table  in  each  page. 

'  As  the  size  of  the  paper  would  not  admit  of  the  complete  insertion  of 
the  auxiliary  angle,  except  in  the  first  vertical  column  of  each  page  under 
or  over  53'  ;  therefore,  in  the  eight  following  columns,  it  is  only  the  excess 
of  the  auxiliary  angle  above  60  degrees  that  is  given  :  hence,  in  taking  out 
the  auxiliary  angle  from  those  columns,  it  is  always  to  be  prefixed  with  60 
degrees. 

The  auxiliary  angle  is  to  be  taken  out  of  the  Table,  as  thus  :— 

Enter  the  Table  with  the  moon's  apparent  altitude  in  the  left-hand 
column  of  the  page,  or  the  altitude  next  less  if  there  be  any  odd  minutes, 
opposite  to  which  and  under  the  minutes  of  the  moon's  horizontal  parallax 
at  top,  will  be  found  the  approximate  auxiliary  angle. 

Enter  the  compartment  of  the  *^  Proportional  parts  to  seconds  of  paral- 
lax," abreast  of  the  approximate  auxiliary  angle,  with  the  tenths  of  seconds 
of  the  moon's  horizontal  parallax  in  the  vertical  column,  and  the  units  at 
the  top }  in  the  angle  of  meeting  will  be  found  a  correction^  which  place 
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under  the  approximate  auxiliary  angle  ;  then  enter  the  last  or  right-hand 
column  of  the  page  abreast  of  where  the  approximate  auxiliary  angle  was 
found,  or  nearly  so,  and  find  the  proportional  part  corresponding  to  the 
odd  minutes  of  altitude,  which  place  under  the  former.  To  these  three 
let  the  correction,  at  the  bottom  of  the  Table,  answering  to  the  sun's  or 
star's  apparent  altitude,  be  applied,  and  the  sum  will  be  the  correct 
auxiliary  angle. 

Ewample, 

Let  the  moon's  apparent  altitude  be  25*?37  •!  the  sun's  apparent  altitude 
58^20'.,  and  the  moon's  horizontal  parallax  59147^$  required  the  cor- 
responding auxiliary  angle  ? 

• 

Aux.  angle ans.  to  moon's  app.alt.  25?30',andhor.  par.  59'  i9  60?13M7^ 
Proportional  parts  to  47  seconds  of  horizontal  parallax  is     .  12 

Proportional  part  to  7  minutes  of  altitude  is     ....     .  4 

Correction  corresponding  to  sun's  upp.  alt.  (58?20')  is     •     •  4 


Auxiliary  angle,  as  required 60?14C  7' 


Table  XXI. 

Correctum  of  the  Auxiliary  Angle  when  the  Moon* 8  Distance  from  a 

Planet  is  observed. 

The  arguments  of  this  Table  are,  a  planet's  apparent  altitude  in  the  left 
or  right  hand  column,  and  its  horizontal  parallax  at  top  ;  in  the  angle  of 
meeting  stands  the  correction,  which  is  always  to  be  applied  by  addition  to 
the  auxiliary  angle  deduced  from  the  preceding  Table  :  hence,  if  the  appa- 
rent altitude  of  a  planet  be  26  degrees,  and  its  horizontal  parallax  23 
seconds,  the  correction  of  the  auxiliary  angle  will  be  6  seconds,  additive. 

This  Table  was  calculated  by  a  modification  of  the  rule  (page  43)  for 
computing  the  correction  of  the  auxiliary  angle,  answering  to  the  sun's 
or  star's  apparent  altitude  ;  as  thus  : — 

To  the  logarithmic  secant  of  the  planet's  apparent  altitude,  add  the 
logarithmic  cosine  of  its  true  altitude,  and  the  constant  logarithm 
9. 698830  ;^  and  the  sum  (abating  20  in  the  index)  will  be  the  logarithmic 
cosine  of  an  arch ;  the  difference  between  which  and  60  degrees  will  be 
the  required  correction. 


*  This  is  the  log.  cosine  of  60  degrees  diminiihed  by  .000120,  the  difference  between  the 
Iog.eosiiiesof  ^e  tme  and  apparent  altitude  of  a  fixed  star  between  30  and  90  degrees^ 
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Eaample 

Let  tho  apparent  altitude  of  a  planet  be  30  degrees,  and  it8  horizMitai 
parallax  23  seconds :  required  the  correction  of  the  auxiliary  angle  ? 

Planet's  apparent  altitude    ...    SO?  OC  Of     Log.  secant  10.062469 
Refrac.  Table  Vm  j.jg, 

Parallax,  TableVL  0.20  J 

Const,  log.  9. 698850 

True  altitude  of  the  planet  .     .     .    29^58' 42?     Log.  cosine  9. 937626 


Arch   = 60?  O:  7^  =  Log.  cosine  9.698945 

60.   0.   0 


Difference 0?  0'  7^;  which  is  the   required 

correction. 


Table  XXIL 

Error  arising  from  a  Deviation  of  one  Minute  in  the  Parallelism  of 
the  Surfaces  of  the  Central  Mirror  of  the  Circular  Instrument  of 
Reflection, 

This  Table  contains  the  error  of  observation  arising  from  a  deviation  of 
one  minute  in  the  parallelism  of  the  surfaces  of  the  central  mirror  of  the 
reflecting  circle^  the  axis  of  the  telescope  being  supposed  to  make  an  angle 
of  80  degrees  with  the  horizon  mirror;  it  is  very  useful  in  finding  the 
verification  of  the  parallelism  of  the  surfaces  of  the  central  mirror  in  the 
reflecting  circle^  or  of  the  index-glass  in  the  sextant ;  as  thus : — 

Let  the  instrument  be  carefully  adjusted^  and  then  take  four  or  five 
observations  of  the  angular  distance  between  two  well-defined  objects, 
whose  distance  is  not  less  than  100  degrees ;  the  sum  of  these,  divided  by 
their  number,  will  be  the  mean  observation.     Then, 

Take  out  the  central  mirror,  and  turn  it  so  that  the  edge  which  was 
before  uppermost  may  now  be  downwards,  or  next  the  plane  of  the  instru- 
ment; rectify  its  position,  and  take  an  equal  number  of  observations  of  the 
angular  distance  between  the  same  two  objects,  and  find  their  mean,  as 
before :  now,  half  the  difference  between  the  mean  of  these  and  that  of  the 
former,  will  be  the  error  of  the  mirror  answering  to  the  observed  angle. 
If  the  first  mean  exceeds  the  second,  the  error  is  subtractive ;  otherwise 
additive :  the  mirror  being  i^  ita  first  or  natural  position.     Henccj  if  the 
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mean  of  the  first  set  of  observations  be  115?OC40^9  and  that  of  the  second 
114?59:20r,  half  their  difference,  viz.,  J  ^aOT -?- 2  »  40r,  will  be  the 
error  of  the  observed  angle,  and  is  subtractive ;  because  the  first  mean 
angular  distance,  or  that  taken  with  the  mirror  in  its  nataral  position,  is 
greater  than  the  second,  or  that  taken  with  the  mirror  inverted. 

Having  thus  determined  the  error  of  the  observed  angle,  that  answering 
to  any  given  angle  may  be  readitf  computed  by  means  of  the  present  Table, 
as  follows : — 

Enter  the  left-hand  column  of  the  Table  with  the  angular  distance,  by 
which  the  error  of  the  central  mirror  was  determined,  and  take  out  the 
corresponding  number  from  the  adjoining  column,  or  that  marked  *'  Ob- 
servation to  the  right;*'  in  the  same  manner  talve  out  the  number  answer- 
ing to  the  given  angle ;  then, 

To  the  arithmetical  compleaient  of  the  proportional  log.  of  the  fini 
number,  add  the  proportional  log.  of  the  second,  and  the  proportional  log. 
of  the  observed  error ;  the  sum  of  these  three  logs.,  rejecting  10  from  the 
index^  will  be  the  proportional  log.  of  the  error  answering  to  such  given 
angle. 

Example. 

Having  found  the  error  arising  from  a  defect  of  parallelism  in  the  central 
mirror,  at  an  angle  of  1 15  degrees,  to  be  40  seconds  subtractive ;  required 
the  error  corresponding  to  an  angle  of  85  degrees  ? 

Obs.  ang.  1 15  deg.  opp.  to  which  is  3'23''  Arith.  comp.  prop.  log.=8. 2/41 
Given  ang.  85  deg.  opp.  to  which  is  1 '  15''  Propor.  log.  .  .  =  2. 1584 
Observed  error  of  central  mirror    0.40     Propor.log.   .     .     =     2.4313 


Required  error  =   ....     — 0'15'/  =  Propor.  log.  .     =     2.8638 


Table  XXIIl. 

jBrror  of  Observation  arising  from  an  Inclination  of  the  Line  of  Collima' 
turn  to  the  Plane  of  the  Sextant,  or  to  that  of  the  circular  Instrument 
of  Reflection. 

If  the  line  of  sight  is  not  parallel  to  the  plane  of  the  instrument,  the 
angle  measured  by  such  instrument  will  always  be  greater  than  the  true 
angle.  This  Table  contains  the  error  arising  from  that  cause,  adapted  to 
the  most  probable  limits  of  the  inclination  of  the  line  of  collimation,  and 
to  any  angle  under  120  degrees:  hence  the  arguments  of  tlie  Table  are, 
the  observed  angle  in  the  left*hand  column,  and  the  inclination  of  the  line 
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of  collimation  at  top ;  opposite  the  fonner^  and  under  the  latter^  will  be 
found  the  corresponding  correction. 

Thus,  if  the  observed  angle  be  80  degrees,  and  the  inclination  of  the 
line  of  collimation  30  minutes,  the  corresponding  error  will  be  13  seconds. 
The  error  or  correction  taken  from  this  Table  is  always  to  be  applied  by 
subtraction  to  the  observed  angle. 

The  corrections  in  this  Table  were  computed  by  the  following 

Rule. 

To  the  log.  sine  of  half  the  observed  angle,  add  the  log.  cosine  of  the 
inclination  of  the  line  of  collimation ;  and  the  sum,  rejecting  10  in  the 
index,  will  be  the  log.  sine  of  an  arch.  Now,  the  difference  between  twice 
this  arch  and  the  observed  angle,  will  be  th^  error  of  the  line  of  collimation. 

Example. 

Let  the  observed  angle  be  80  degrees,  and  the  inclination  of  the  line  of 
collimation  1?30'  ;  required  the  corresponding  correction? 

Observed  angle  80?  0^  Or     h-  2  =     40?  Log.  sine      9.808068 

Inclinat.  of  line  of  collim 1?30'     Log.  cosine  9.999851 


Arch  =  39?69:   lr=  Log.  sine      9.807919 


Twice  the  arch  =  79?68C  21 


Difference    0?  1^58^^   which^  therefore^  h  the  required 
error. 


Table  XXIV. 

Logarithmic  Difference. 

This  Table  contains  the  logarithmic  difference,  adapted  to  every  tenth 
minute  of  the  moon's  apparent  altitude  from  the  horizon  to  the  zenith,  and 
to  each  minute  of  horizontal  parallax.  The  proportional  part  for  the 
excess  of  the  given  above  the  next  less  tabular  altitude,  is  contained  in 
the  right*hand  compartment  of  each  page,  and  that  answering  to  the 
seconds  of  parallax  is  given  iu  the  intermediate  part  of  the  Table. 

As  the  size  of  the  paper  would  not  admit  of  the  complete  insertion  of 
the  logarithmic  difference,  except  in  the  first  vertical  column  of  each  page, 
under  or  over  53  •,  therefore  in  the  eight  following  columns  it  is  only  the 
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four  last  figures  of  the  logarithmic  difference  that  are  given :  hence,  in 
taking  out  the  numbers  from  these  columns,  they  are  always  to  be  prefixed 
by  the  characteristic,  and  the  two  leading  figures  in  the  first  column.  The 
logarithmic  difference  is  to  be  taken  out  in  the  following  manner. 

Enter  the  Table  with  the  moon's  apparent  altitude  in  the  left-liand 
eolunm  of  the  page,  or  the  altitude  next  lea  if  there  be  any  odd  minutes, 
opposite  to  which,  and  under  the  minutes  of  the  moon's  horizontal  pand- 
lax,  at  top,  will  be  found  a  number,  which  call  the  approximate  logarithmic 
Afftrence. 

Enter  the  compartment  of  the  ^^  Proportional  parts  to  seconds  of  paral* 
laxy"  abreast  of  the  approximate  logarithmic  difference,  with  the  tenths  of 
seconds  of  the  moon's  horizontal  parallax  in  the  vertical  column,  and 
the  urats  at  the  top,  and  take  out  the  corresponding  correction.  Enter  the 
right-hand  compartment  of  the  page,*  abreast  of  where  the  approximate 
logarithmic  difference  was  found,  or  nearly  so,  with  the  odd  minutes  of 
altitude,  and  take  out  the  corresponding  correction,  which  place  under  the 
former.  Enter  Table  XXV.  or  XXVI.,  with  the  sun's,  star's,  or  planet's 
apparent  altitude,  and  take  out  the  corresponding  correction,  which  also 
place  under  the  former.  Now,  the  sum  of  these  three  corrections  being 
taken  from  the  approximate  logarithmic  difference^  will  leave  the  correct 
kigaritbinic  difference. 


Example  1. 

Let  the  moon's  apparent  altitude  be  19? 25^,  her  horizontal  parallasC 
60^381",  and  the  sun's  apparent  altitude  33  degrees;  required  the  loga- 
rithmic difference  ? 

Log.  difference  to  app.  alt.  1 9? 20',  and  hor.  par.  60'  is    9. 997669 
Propor.  part  to  38  seconds  of  parallax  is      •     28'1 
Propor.  part  to  5  minutes  of  altitude  is        •    «     11  >siun=  —  49 
Cor.  from  Tab.  XXV.  ans.  to  sun's  apparent  alt.  is     10  J 


Logarithnuc  difference,  as  required 9. 997620 


*  la  takiii|^  ont  tlie  correction  correspondiDi^  to  the  odd  minutes  of  altitude  in  this  com- 
Itrtscnty  attention  it  to  be  paid  to  the  moon's  horizontal  parallax  :  thus,  if  the  parallax 
W  between  53'  and  55',  the  correction  is  to  be  taken  out  of  the  first  column,  or  that  adjoin- 
iif  tbe  minutes  of  altitude ;  if  it  be  between  56'  and  59',  the  correction  is  to  be  taken  out  of 
the  leeoMiy  or  middle  column ;  and  if  it  be  between  59^  and  62',  the  correction  is  to  be 
tricta  out  of  tlic  third,  or  Imit  column. 

B 
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Example  2. 

L^  the  moon's  apparent  altitude  be  63  ?37^  her  horizontal  parallax 
58'.43r,  the  apparent  altitude  of  a  planet  35?10'y  and  its  horizontal 
parallax  23T ;  required  the  logarithmic  difference  ? 

Log.  difference  to  appar.  alt.  63?30',  and  hor.  par.  58',  is  9. 993622 
.    Propor.  part  to  43^  of  parallax  is       •    •    •    •    SS'^ 

Propor.  part  to  7- of  altitude  is 7  ?sam=— -118 

Cor.  from  Tsh.  XXVI.  ans.  to  planet's  appar.  alt.       28  J 

• 

Logarithmic  difference,  as  required     t    ••••••    9. 993504 

iZemarfc.— The  logarithmic  difference  was  computed  by  the  following 

Bule. 

To  the  logarithmic  secant  of  the  moon's  apparent  altitude,  add  the 
logarithmic  cosine  of  her  true  altitude,  and  the  constant  log.  .000120;* 
the  sum  of  these  three  logs.,  abating  10  in  the  index,  will  be  the  loga- 
rithmic difference. 

Example. 

Let  the  moon's  apparent  altitude  be  19?20^,  and  her  horizontal  parallax 
60  minutes ;  required  the  logarithmic  difference  ? 

Moon's  apparent  altitude     .    .     19?20'  0^     Log.  secant       10.025208 
Correction  from  Table  XVIII.  53. 56      Constant  log.    0. 0001 20 


Moon's  true  altitude  .    •    .    •    20.13.56      Log.  cosine        9.972341 


Logarithmic  difference,  as  required 9. 997669 


•  The  difference  between  the  loff.  cogines  of  the  true  and  apparent  altitude  of  a  star 
betwixt  30  and  90  decrees. 
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Tablb  XXV. 

Correction  of  the  Logarithmic  Difference. 

This  Table  is  divided  into  two  parts :  the  firsts  or  left-hand  part^  con- 
tains the  correction  of  the  logarithmic  difference  when  the  moon's  distance 
from  the  sun  is  observed ;  and  the  second,  or  right-hand  part,  the  correc- 
tion of  that  log.  when  the  moon's  distance  from  a  star  is  observed.  Thus, 
if  the  sun's  apparent  altitude  be  35  degrees,  the  corresponding  correction 
will  be  1 1 ;  if  a  star's  apparent  altitude  be  20  degrees,  the  corresponding 
correction  will  be  1 ;  and  so  on.  These  corrections  are  always  to  be 
applied  by  subtraction  to  the  logarithmic  difference  deduced  from  the 
preceding  Table. 

The  corrections  contained  in  this  Table  were  obtained  in  the  following 
manner,  viz. 

To  the  log.  secant  of  the  apparent  altitude,  add  the  log.  cosine  of  the 
true  altitude;  and  the  sum,  rejecting  10  from  the  index,  will  be  a  log.; 
which  being  subtracted  from  the  constant  log.  .000120,*  will  leave  the 
tibular  correction. 

Example  I. 

Let  the  sun's  apparent  altitude  be  35  degrees ;  required  the  tabular  cof' 
rection? 

Given  apparent  altitude      =        35?  0^  01  Log*  secant  =  10.086635 

Rcfrac.  Table  VIII.    \:2\1  \  ..„         ,    ,. 
T%      „        .„  . .      *r»,  ..     >aiii.=— 1.14 

ParaUax    Table   VIL         7   J 

Sun's  true  altitude      ....    34?58:46?  Log.  cosine    ,    9.913474 

Sum     ...    0.000109 
Constant  log.      0.000120 

Tabular  correction,  as  required    •••.;.•••••    0.000011 

Example  2. 

Let  the  apparent  altitude  of  a  star  be  10  degrees ;  required  the  tabular 
correction? 


Sft  Nole,  pift  60. 

b2 


I 
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Star's  apparent  altitude     10?  0'  0?  Log,  secant  =  10.006649 
Refraction  Table  VIII.      -     5.15 


Star's  true  altitude    •    •    9.54.45     Log.  cosine  =  9.993467 

Sum=     .    .    0.000116 
Constant  log.     0.000120 


Tabular  correction^  as  required •    0. 000004 


Table  XXVL 

Correction  oftlw  Logarithmic  Difference  when  the  Moon's  Distance 

from  a  Planet  is  observed. 

The  arguments  of  this  Table  are,  the  apparent  altitude  of  a  planet  in 
the  left  or  right-hand  marginal  column,  and  its  horizontal  parallax  at  top; 
in  the  angle  of  meeting  stands  the  corresponding  correction,  which  is  to  be 
applied  by  stibtraction  to  the  logarithmic  difference  deduced  from  Table 
XXIV.,  when  the  moon's  distance  from  a  planet  is  observed.  Hence,  if 
the  apparent  altitude  of  a  planet  be  20  degrees,  and  its  horizontal  parallax 
21  scfconds,  the  corresponding  correction  will  be  16  subtractive,  and  so  on. 

This  Table  was  computed  by  the  rule  in  page  51,  under  which  the 
correction  corresponding  to  the  sun's  apparent  altitude  in  Table  XXV. 
was  obtained,  as  thus  :— « 

Let  the  apparent  altitude  of  a  planet  be  23  degrees,  and  its  horizontal 
parallax  21  seconds;  required  the  correction  of  the  logarithmic  difference  ? 

Planet's  apparent  altitude    •    •    .    23?  0'  Or  Log.  secant  10.035974 
Refrac.  Table  VIII.  =  2^  14?  1  i/r  _        i   r  . 
Parallax  Table  VL   =     20:/       '""        ^'^^ 


Planet's  true  altitude 22958 ^  6r  Log.  cosine    9.964128 


y 


Sum      .    .    0.000102 
Constant  log.  0.000120 


Correction  of  the  logarithmic  difference,  as  required     •    .    •    0.0000 IS 


■r 
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Tablb  xxvir. 

Natural  Versed  Sines,  and  Natural  Sines. 

Since  the  methods  of  computing  the  true  altitudes  of  the  heavenly 
bodies,  the  apparent  time  at  ship  or  place,  and  the  true  central  distance 
between  the  moon  and  sun,  or  a  fixed  star,  are  considerably  facilitated  by 
the  application  of  natural  versed  sines,  or  natural  sines,  this  Table  is  given; 
which,  with  the  view  of  rendering  it  generally  useful  and  convenient,  is 
extended  to  every  tenth  second  of  the  semicircle,  with  proportional  parts 
corresponding  to  the  intermediate  seconds;  so  that  either  the  natural 
versed  sine,  natural  versed  sine  supplement,  natural  co-versed  sine,  natural 
shie  Of  natural  cosifie  of  any  arch,  may  be  readily  taken  out  at  sight. 

The  numbers  expressed  in  this  Table  may  be  obtained  in  the  following 
manner  :— 

Let  ABC  represent  a  qua-  i 

drant,  or  the  fourth  part  of  a 
circle ;  and  let  the  radius  C  B 
=  unity  or  1,  be  divided  into 
an  indefinite  number  of  decimal 
parts:  as  thus,  1.0000000000, 
&c.  Make  BD  =  the  radius 
C  B ;  and  since  the  radius  of  a 
circle  is  equal  to  the  chord  of 
60  degrees,  the  arc  B  D  is  equal 
to  60  degrees :  draw  D  M,  the 
sine  of  the  arc  BD,  and,  at 
right-angles  thereto,  the  cosine 
D  E :  bisect  the  arc  B  D  in  F, 
and  draw  F  N  and  F  G  at  right- 
angles  to  each  other ;  then  will 
the  former  represent  the  sine, 
and  the  latter  the  cosine  of  the 
arc  BF  =  30  degrees:  bisect 
B  F  in  H;  then  H  O  will  express 
the  sine,  and  H I  the  cosine  of 
the    arc    BH    =    15   degrees. 

Proceeding  in  this  manner,  after  12  bisections,  we  come  to  an  arc  of 
0?0'52''-l4T3^''45".'",  the  cosine  of  which  approximates  so  very  closely  to 
the  radius  C  B,  that  they  may  be  considered  as  being  of  equal  value.  Now, 
the  absolute  measure  of  this  arc  may  be  obtained  by  numerical  calculation, 
as  foUows^  viz. 


N    UD 
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Because  the  chord  line  B  D  is  the  side  of  a  hexagon,  inscribed  in  a  circle, 
it  is  the  subtense  of  60  degrees,  and,  consequently,  equal  to  the  radius  C  B 
(corollary  to  Prop.  15,  Book  IV.,  of  Euclid) ;  wherefore  half  the  radius  B  S 
=  B M,  will  be  the  sine  of  30  degrees  =z  FN,  which,  therefore,  is 
•  5000000000.  Now,  having  found  the  sine  of  30  degrees,  its  cosine  may 
be  obtained  by  Euclid,  Book  L,  Prop.  47 :  for  in  the  right-angled  triangle 
FNC,  the  hypothenuse  PC  is  given  =  the  radius^  or  1,0000000000, 
and  the  perpendicular  FN  =:  half  the  radius,  or  .SOOOOOOOOOj 
to  find  the  base  CN  =  the  cosine  OF;  therefore 

V  FC  X  FC-FN  X  FN  =  CN  .8660254037,  or  its  equal  GF; 
hence  the  me  of  30  degrees  is  .  5000000000,  and  its  cosine  •  8660254037. 
Again, 

In  the  triangle  PNB,  the  perpendicular  FN  is  given  =  .  5000000000, 
and  the  base  CB-CN=:NB=.  1339745963,  to  find  the  hypothenuse 
B  F :  but  half  the  side  of  a  polygon,  inscribed  in  a  circle,  is  equal  to  thq 
sine  of  half  the  circumscribing  arc ;  therefore  its  half,  BT  =:  H  O,  will  be 

the  sine  of  the  arc  of  15  degrees :  hence  -^FN  x  FN  H-  NB  x  NB 
=  BF  .5176380902;  the  half  of  which,  viz.,  .  2588190451,  is  therefore 
equal  to  BT,  or  to  its  equal  H  O,  the  sine  of  15  degrees,  and  from  which 
its  cosine  H  I  may  be  easily  obtained ;  for,  in  the  triangle  C  O  H,  the 
hypothenuse  CH  is  given  =  1.0000000000,  andOie  perpendicular  HO 
=:  .  2588190451,  to  find  the  base  C  O  =:  the  cosine  H  I.    Now, 

VCH  X  CH-  HO  X  HO  =  C  O  .  9659258263  =  the  cosine  H  I; 
hence  the  sine  of  15  degrees  is  .  2588190451,  and  its  cosine  .  9659258263. 

Thus  proceeding,  the  sine  of  the  12th  bisection,  viz.,  52^44^3^45^"^, 
will  be  found  =:  •  0002556634.  And  because  small  arcs  are  very  nearly 
as  their  corresponding  sines,  the  measure  of  1  minute  may  be  easily  deduced 
from  the  sine  of  the  small  arc,  or  12di  bisection  determined  as  above;  for. 

As  the  arc  of  52^44^3 ""^45 ''.'''  is  to  an  arc  of  1  minute,  so  is  the  sine  of 
the  former  to  the  sine  of  the  latter  :  that  is,  as  52^44^8 V45^*'  I  1'  :: 
.  0002556634  :  .  0002908882 ;  which,  therefore,  is  the  sine  of  1  minute, 
the  cosine  of  which  is .  9999999577 ;  but  this  approximates  so  very  closely 
to  the  radius,  that  it  may  be  esteemed  as  being  actually  equal  to  it  in  all 
calculations ;  and  hence,  that  the  cosine  of  1  ^  is  1 .  0000000000. 

Now,  having  thus  found  the  sine  and  cosine  of  one  minute^  the  sines  of 
every  minute  in  the  quadrant  may  be  obtained  by  the  following  rule ;  viz. 

As  radius  is  to  twice  the  cosine  of  1  minute,  so  is  the  sine  of  a  mean  arc 
to  the  sum  of  the  sines  of  the  two  equidistant  extremes ;  from  which  let 
rither  extreme  be  subtracted,  and  the  remainder  will  be  the  sine  of  the 
other  extreme :  as  thus, 
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Tojmd  the  Sim  qfihe  Jrc  qf2  MmOei. 

As  rmdius  =1:2::.  0002908882  to  .  0005817764,  and  .  0005817764 

—  .0000000000  =  .0005817764;  which,  therefore,  is  the  sine  of  the 
arc  of  2  minutes. 

To  find  the  Sine  qfS  Minutes. 

Asradiofl  =1:2::  .0005817764  to  .001 1635528,  and  .0011635528 

-  .  0002908882  =  .  0008726646 ;  which,  therefore,  is  the  sine  of  an  aro 
of  3  nunutea. 

To  find  the  Sine  of  4  Minutes. 

As  radios  =1:2::.  0008726646  to  .  0017453292,  and .  0017453292 

—  .0005817764  =  .0011635528]  which,  therefore,  is  the  sine  of  the 
arc  of  4  minutes. 

To  find  the  Sine  of  5  Minutes. 

As  radius  =1:2::  .0011635528  to  .0023271056,  and « 0023271056 

-  .  008726646  =  .  0014544407 ;  which,  therefore,  is  the  sine  of  the  arc 
of  5  minutes. 

In  thb  manner,  the  sines  may  be  found  to  60  degrees ;  from  which,  to 
the  end  of  the  quadrant,  they  may  be  obtained  by  addition  only;  for  the 
sine  of  an  arc  greater  than  60  degrees,  is  equal  to  the  sine  of  an  arc  as 
much  less  than  60,  augmented  by  the  sine  of  the  excess  of  the  given  arc 
above  60  degrees :  thus. 

All  the  sines  being  found  to  60  degrees;  required  the  sine  of  61  degrees? 

Sbfaffion.— Sine  of  59?=  .  8571673,  and  sine  of  1?  =  .0174524;  didr 
smn  =  .  8746197 ;  which,  therefore,  is  the  sine  of  61  degrees,  as  required, 
Agwn, 

All  the  sines  being  found  to  60  degrees  ;  required  the  sine  of  62 
degrees? 

^dlMfum.— Sine  of  58?  =  .8480481,  and  sine  2?  =  .  0348995 ;  their 
smn  =  •  8829476 ;  which,  therefore,  is  the  sine  of  62  degrees,  as  required. 

Now,  the  natural  sines  being  thus  found,  the  natural  versed  sines,  natu- 
ral tangents,  and  natural  secants,  may  be  readily  deduced  therefrom, 
agreeaUy  to  the  principles  of  similar  triangles,  as  demonstrated  in  Euclid, 
Book  VL,  Prop.  4.    TTius, 


i 
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Tojind  the  Natural  Versed  Sine  of  SO  Degrees  =  N  B,  in  the  Diagram. 

Since  the  versed  sine  of  an  arc  is  represented  by  that  part  of  the  diame- 
ter which  is  contained  between  the  sine  and  the  arc ;  therefore  N  B  is  the 
versed  sine  of  the  arc  B  F,  which  is  the  arc  of  30  degrees ;  and  since  the 
versed  sines  are  measured  upon  the  diameter^  from  the  extremity  B  to  C 
continued  to  the  other  extremity^  the  natural  versed  sines  under  90  degrees 
are  expressed  by  the  difference  between  the  radius  and  the  cosine,  and 
those  above  90  degrees  by  the  sum  of  the  radius  and  the  sine :  hence,  the 
radius  C  B  1. 0000000  -  the  cosine  FG,  or  its  equal  N  C  .  8660254  = 
NB  ,  1339746;  which^  therefore,  is  the  natural  versed  sine  of  30  degrees. 


ToJlnd  the  Natural  Tatigent  of  60  degrees  :=:  BQ,  in  the  Diagram. 

As  the  cosine  C  M  b  to  the  sine  D  M,  so  is  the  radius  C  B  to  the  tangent 
B  Q :  that  is. 

As  CM. 5000000  :  DM  .8660254  ::  CB  1.0000000  :  BQ  = 
1. 7320508;  which  is  the  natural  tangent  of  60  degrees. 


To  find  the  Natural  Secant  of  60  Degrees  =  C  Q,  iit  tlie  Diagram. 

As  the  cosine  CM  is  to  the  radius  C  D,  so  is  the  radius  C  B  to  the  secant 
C  Q :  that  is. 

As  CM  .5000000  :  CD  1.0000000  ::  CB  1.0000000  :  CQ  = 
2. 0000000 ;  which  is  the  natural  secant  of  60  degrees.  Hence,  the  man- 
ner of  computing  the  natural  co-tangent  A  P,  the  natural  co-secant  C  P, 
and  the  natural  co-versed  sine  E  A,  will  be  obvious.  The  versed  sine  sup- 
plement of  an  arc  is  represented  by  the  difference  between  the  versed  sine 
of  that  arc  and  the  diameter  or  twice  the  radius :  thus,  the  versed  sine 
supplement  of  the  arc  B  F  is  expressed  by  the  difference  between  twice  the 
radius  C  B,  and  the  versed  sine  N  B ;  viz.,  twice  C  B  =  2. 0000000  -  N  B 
.  1339746  =  1.  8660254  ;  which,  therefore,  is  the  natural  versed  sine  sup- 
plement of  the  arc  B  F  or  the  arc  of  30  degrees,  and  so  of  any  other. 

Now,  the  natural  sines,  versed  sines,  tangents,  and  secants,  found  as 
above,  being  principally  decimal  numbers,  on  account  of  the  radius  being 
assumed  at  unity  or  1  ;  therefore,  in  order  to  render  these  numbers  all 
affirmative,  they  are  to  be  multiplied  by  ten  thousand  millions  respectively; 
and  then  the  common  logs,  corresponding  thereto  will  be  the  logarithmic 
sines,  versed  sines,  tangents,  and  secants,  which  are  generally  given  in  the 
different  mathematical  Tables  under  these  denominatious. 


WUCUrtlOV  AMP  VSB  OF  TUB  TAttUU.  97 


Of  the  Table. 

m 
• 

In  this  Table^  the  natural  versed  sines  are  given  to  every  tenth  second  of 
the  semicircle^  the  corresponding  arcs  being  arranged  at  the  top,  in  nume- 
rical order,  from  0  to  180  degrees.    The  natural  versed  sines  supplement 
are  given  to  the  same  extent ;  but  their  corresponding  arcs  are  placed  at 
the  bottom  of  the  Table,  and  numbered  from  the  right  hand  towards  the 
left,  or  contrary  to  the  order  of  the  versed  sines.    The  natural  co-versed 
sines  b^n  at  the  end  of  the  first  quadrant,  or  of  the  90th  degree  of  the 
versed  sines ;  the  arcs  corresponding  to  which  are  given  at  the  bottom  of 
the  page  and  numbered,  like  the  versed  sines  supplement,  towards  the  left 
hand  from  0  to  90  degrees,  and  then  continued  at  top  of  the  page  from  90 
to  180  degrees,  towards  the  right  hand,  until  they  terminate  at  the  90th 
d^ree  of  the  versed  sines,  where  they  first  began.  The  natural  sines  begin 
where  the  co-versed  sines  end ;  viz.,  at  the  end  of  the  first  quadrant,  or  90th 
degree  of  the  versed  sines,  with  which  they  increase  by  equal  increments ; 
the  arcs  corresponding  to  those  are  placed  at  the  top  of  the  page  to  every 
tenth  second  of  the  quadrant,  the  90th  degree  of  which  terminates  with 
the  180th  of  the  versed  sines.    The  natural  cosines  begin  with  the  versed 
sines  supplement ;  the  arcs  corresponding  to  which  are  given  at  the  bottom 
of  the  page,  being  numbered,  like  the  latter,  contrary  to  the  order  of  the 
versed  sines  and  natural  sines,  to  every  tenth  second  from  0  to  90  degrees, 
or  to  the  end  of  the  first  quadrant  of  the  versed  sines,  thus  ending  where 
the  co-versed  sines  begin. 

Note. — In  the  general  use  of  this  Table,  it  is  to  be  remarked,  that  the 
natural  versed  sine  supplement,  natural  co-versed  sine  under  90  degrees,  or 
natural  cosine,  of  a  given  degree,  is  found  in  the  same  page  with  the  next 
less  degree  in  the  column  marked  0^  at  top,  it  being  the  .first  number  in 
that  column ;  that  answering  to  a  given  degree  and  minute  is  found  on  the 
same  line  with  the  next  less  minute  in  the  column  marked  60''  at  the  bottom 
of  the  page ;  and  that  corresponding  to  an  arch  expressed  in  degrees, 
minutes,  and  seconds,  is  obtained  by  deducting  the  proportional  part,  at 
bottom  of  the  page,  from  the  natural  versed  sine  supplement,  natural  co- 
versed  sine  under  90  degrees,  or  natural  cosine  of  the  given  degree,  minute, 
and  less  tenth  second. 
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PROBLEMS  TO  ILLUSTRATE  THE  USE  OP  THE  TABLE. 


Problem. 


To  find  the  NatunA  Ver9ed  Sine,  Natural  Versed  Sine  Supplement, 
Naiwnd  CSo-oened  Sine,  Natural  Sine,  and  Natural  Cosine,  of  any 
gioen  Arch,  expreeaed  in  Degrees,  Miwates,  and  Seconds. 

Rule. 

Enter  the  Table^  and  find  the  natural  versed  sine,  versed  sine  supplement, 
co-versed  sine,  natural  sine,  or  natural  cosine,  answering  to  the  given 
degree,  minute,  and  next  less  tenth  second ;  to  which  add  the  proportional 
part  answering  to  the  odd  seconds,  found  at  the  bottom  of  the  page,  if  a 
natural  versed  sine,  co-versed  sine  above  90?,  or  natural  sine  be  v^anted; 
but  subtract  the  proportional  part^  if  a  versed  sine  supplement,  co-versed 
une  under  90?,  or  natural  cosine,  be  required :  and  the  sum,  or  remainder, 
will  be  the  natural  versed  sme,  natural  sine,  natural  versed  sine  supplement, 
co-versed  sine,  or  natural  cosine,  of  the  given  arch. 

Example  I* 

Required  the  natural  versed  sine,  versed  sine  supplement,  co-versed 
sine,  natural  sine,  and  natural  cosine,  answering  to  42?  12'36^? 

To  find  the  Natural  Versed  Sine  :— 

Natural  versed  sine  to    42?I2'30r  = 259293 

Proportional  part  to    •  6T  =    •    •    .    .    Add  20 


Given  Arch    42?12:36r    Natural  versed  sine  =259313 


To  find  the  Versed  Sine  Supplement  :— 

Versed  sine  supplement  to    42?12'30r 1.740707 

Proportional  part  to    •    •  6r        •    .     •  Subtract  20 


Given  arch   .    .    42?  12:36?      Versed  sine  sup.  =:  1 .  740687 
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To  fiad  the  Co-versed  Sine  :— 

Co-rened  sine  to  .    .    4;^?12'30r 328172 

Proportional  part  to  6^    •    •     Subtract  21 


Giveo  arch      42?  12  ^36?        Co*vers.  sine  =:  32815 1 

To  find  the  Natural  Sine  :-* 

Natural  sine  to      •    •    42?12:30r 671826 

Proportional  part  to  6?    •    •    •    Add  21 


Given  arch       42?12:36?        Nat.  sine   z:    671849 

To  find  the  Natural  G>sine  :— - 

Natural  cosine  to      .    42?12:30r 740707 

Proportional  part  to  61    .    •     Subtract  20 

Given  arch      42?12:36?        NaU  cosine  ^  740687 

Example  2. 

Required  the  natural  versed  sine^  versed  sine  supplement,  co-vers( 
one,  natural  me,  and  natural  cosine,  answering  to  1(^?53'45T? 

To  find  the  Natural  Versed  Sine  :— 

Natural  versed  sine  to     109?53:40r  = 1.340288 

Fh>portional  part  to  5^     is    •    •    .    Add  33 


«M««i 


Given  arch.    .    109?53'45r     Nat.  versed  sine  =  1.340311 

To  find  the  Versed  Sine  Supplement  :— 

Versed  sine  sup.  to     109?53U0r       659712 

Proportional  part  to  5"        ^    .      Subtract  23 

Given  arch  109?53 '.  45r        Vers,  sine  sup.  =  659689 

To  find  the  Co-versed  Sine  :— 

Co-versed  sine  to     109?53:40r  ;    059679 

Proportional  part  to  5?         •    .    •    •   Add  8 

Giten  arch      10d?53:4S?       Co>Tened  sine  s  059687 
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To  find  the  Natural  Sine  :— 

Natural  8iHe  to   .    70?6:iOr    Sup.to  109?63'50r       940305 
Piroportional  part  to  5".  •    •    •    •    Add  8 


Supplement     70?6'  15f  to  given  arcb^  nat.  sine  =  940313 

To  find  the  Natural  Cosine  :*— 

Natural  cosine  to    70?6nOr  Sup.  to  109?53:50r  .    340334 
Ph>portionaI  part  to  5f        •      •    •    Subtract  23 


Supplement      70?6 '.  15?to  given  arch^  nat«cosine=34031 1 

iZ^YiiarL— Since  the  natural  sines  and  natural  cosines  are  not  extended 
beyond  90  degrees^  therefore,  when  the  given  arch  exceeds  that  quantity, 
its  supplement,  or  what  it  wants  of  180  degrees,  is  to  be  taken,  as  in  the 
above  example.  And  when  the  given  arch  is  expressed  in  degrees  and 
minutes,  the  corresponding  versed  sine  supplement,  co-versed  sine  under 
90  degrees,  and  natural  cosine,  are  to  be  taken  out  agreeably  to  the  note 
in  page  57^  which  see. 


Problem  II. 

To  find  the  Arch  corresponding  to  a  giveti  Natural  Versed  Sine,  Versed 
S&ne  Supplementy  Co-versed  Sine,  Natural  Sine,  and  Natural  Cosine. 

RUL£. 

Enter  the  Table,  and  find  the  arch  answering  to  the  next  less  natural 
versed  sine,  or  natural  sine,  but  to  the  next  greater  versed  sine  supple- 
ment, CO- versed  sine,  or  natural  cosine;  the  difference  between  which  and 
that  given,  being  found  in  the  bottom  of  the  page,  will  give  a  number  of 
seconds,  which,  being  added  to  the  arch  found  as  above,  will  give  the 
required  arch. 

Example  1. 
Required  the  arch  answering  to  the  natural  yersed  mt  363985  I 
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SohOum.'^The  next  less  natural  vened  sine  is  363959,  corresponding  to 
which  is  50?30'  lO^j  the  diflFerence  between  363959  and  the  given  natural 
Tersed  sine,  is  26  5  corresponding  to  which,  at  the  bottom  of  the  Table,  is 
7%  which,  being  added  to  the  above-found  arch,  gives  50?30'17^  the 
required  arch. 

Able.— -The  arch  corresponding  to  a  given  natural  sitie  is  obtained 
predaely  in  the  same  manner. 


Example  2. 

Required  the  arch  corresponduig  to  the  natural  versed  sine  supplement 
1«  464138? 

■ 

V 

'  Sblttltbn.— •The  next  greater  natural  versed  sine  supplement  is  I  •  464 155  $ 
eorresponding  to  which  is  62?20U0^;  the  difference  between  1.464155 
and  the  given  natural  versed  sine  supplement,  is  17;  answering  to  which, 
at  the  bottom  of  the  Table,  is  41,  which,  being  added  to  the  above-found 
arch,  gives  62?20U4%  the  required  arch.  ; 

Nole.— The  arch  corresponding  to  a  given  co-versed  sine,  or  natural 
cosine^  is  obtained  in  a  similar  manner. 

Remark  I. 

The  logarithmic  versed  sine  of  an  arch  may  be  found  by  taking  out  the 
common  logarithm  of  the  product  of  the  natural  versed  sine  of  such  arch 
by  10000000000 ;  as  thus : 

Required  the  logarithmic  versed  sine  of  7S?30U5^? 

The  natural  versed  sine  of  78?30U5r  is  .  800846,  which,  being  multi- 
plied by  10000000000,  gives  8008460000 ;  the  common  log.  of  this  is 
9. 903549 ;  which,  therefore,  is  the  logarithmic  versed  sine  of  the  given 
arch,  as  required. 

Remark  2. 

The  Table  of  Logarithmic  Rising  may  be  readily  deduced  from  the 
natural  versed  sines ;  as  thus  : 

Reduce  the  meridian  distance  to  degrees,  by  Table  I.,  and  find  the 
natural  versed  sine  corresponding  thereto ;  now,  let  this  be  esteemed  as 
an  integral  number,  and  its  corresponding  common  log.  will  be  the  loga- 
rithmic rising* 
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JEronipfe. 

Required  the  logarithmic  rising  answering  to  4?50?45 '  ? 

4!50r4S!  s  72?4r.  15^  the  natural  versed  sine  of  which  is  702417 ; 
the  common  log.  of  this  is  5. 846595,  which,  therefore,  is  the  logarithmic 
rising  required* 

Tabub  XXVIII. 

Logarithms  of  Numberi* 

Logarithms  are  a  series  of  numbers  invented,  and  first  published  in 
1^14,  by  Lford  Napier,  Baron  of  Merchiston  in  Scotland,  for  the  purpose 
of  facilitating  troublesome  calculations  in  plane  and  spherical  trigonometry. 
These  numbers  are  so  contrived,  and  adapted  to  other  numbers,  that  the 
sums  and  differences  of  the  former  shall  correspond  to>  and  show,  the  pro- 
ducts and  quotients  of  the  latter. 

Logarithms  may  be  defined  to  be  the  numerical  exponents  of  ratios,  or 
a  aeries  of  numbers  in  arithmetical  progrcsrion,  answering  to  another 
series  of  numbers  in  geometrical  progression  j  as. 

Thus: 


0.  1.    2. 

3. 

4. 

5. 

6. 

7. 

8.  ind.orlog. 

1.  2.    4. 

8. 

• 

16. 

32. 

64. 
Or, 

128. 

256.  geo.  prog. 

0.  1.    2. 

3. 

4. 

5. 

6. 

7. 

8.  ind.orlog. 

I.  3.    9. 

27. 

81. 

243. 

729. 

2187. 

6561.  geo.  pro. 

Or, 

0.  1.    2.      3.        4.  5.  6.  7.  8.   ind.orlog. 

1. 10. 100. 1000. 10000.  lOOOOO.  lOOOOOO.  10000000. 100000000  ge.  pro. 

Whence  it  is  evident,  that  the  same  indices  serve  equally  for  any 
geometrical  series ;  and,  consequently,  there  may  be  an  endless  variety  of 
systems  of  logarithms  to  the  same  common  number,  by  only  changing  the 
second  term  2.  3.  or  10.  &c.  of  the  geometrical  series  of  whole  mmi- 
bers« 

In  these  series  it  b  obvious,  that  if  any  two  indices'be  added  together^ 
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their  sum  will  be  the  index  of  that  nvmber  whieh  i»  equal  to  the  piodnet 
of  the  two  terms,  in  the  geometrical  progression  to  whieh  thoae  indices 
belong :  thus,  the  indices  2.  and  6.  being  added  together,  make  8 ;  and 
the  corresponding  terms  4,  and  64.  to  those  indices  (in  the  first  series) , 
being  multiplied  together,  produce  256,  which  is  the  number  corresponding 
to  the  index  8. 

It  is  also  obvious,  that  if  anyone  index  be  subtracted  from  another^  the 
difference  will  be  the  index  of  that  number  which  is  equal  to  the  quotient 
of  the  two  corresponding  terms :  thus,  the  index  8.  minus  the  index  3  = 
5  ;  and  the  terms  corresponding  to  these  indices  are  256  and  8,  the  quo- 
tient of  which,  viz.,  32,  is  the  number  corresponding  to  the  index  5,  in  the 
first  series.  ' 

And,  if  the  logarithm  if  any  number  be  multiplied  by  the  index  of  its 
power,  the  product  will  be  equal  to  the  logarithm  of  that  power ;  thus,  the 
index,  or  logarithm  of  16,  in  the  first  series,  u  4 ;  now,  if  this  be  multiplied 
by  2,  the  product  will  be  8,  which  is  the  logarithm  of  256^  or  the  square 
of  18. 

Again,— if  tfie  logarithm  of  any  number  be  divided  by  the  index  of  its 
root,  the  quotient  will  be  equal  to  the  logarithm  of  that  toot :  thus,  the 
index  or  logarithm  of  256  is  8 ;  now,  8  divided  by  2  gives  4 ;  which  is 
the  logarithm  of  16,  or  the  square  root  of  256,  according  to  the  first 
series. 

Hie  logarithms  mostconvenient  for  practice  are  such  as  are  adapted  to  a 
geometrical  series  increasing  in  a  tenfold  ratio,  as  in  the  last  of  the  fore- 
going series ;  being  those  which  are  generally  found  in  most  mathematical 
works,  and  which  are  usually  called  common  logarithms^  in  order  to  distiiH 
guish  them  from  other  species  of  Ic^rithms. 

In  this  system  of  logarithms,  the  index  or  logarithm  of  1,  is  0;  that  of 
10,  is  1 ;  that  of  100,  is  2;  that  of  1000,  is  3;  that  of  10000,  is  4,  &c. 
&G. }  whence  it  is  manifest,  that  the  logarithms  of  the  intermediate  num- 
bers between  1  and  10,  must  be  0,  and  some  fractional  parts ;  that  of  a 
nvmber  between  10  and  100,  must  be  1,  and  some  firactional  parts ;  and  so 
OB  for  any  other  number :  those  fractional  parts  may  be  computed  by  the 
following 

Rtde.— To  the  geometrical  series  1. 10. 100. 1000. 10000.  &c.,  ^»pfythf 
arithmetical  series  0.  1.  2.  3.  4.  &c.,  as  logarithms.  Fmd  a  geometrical 
mean  between  1  and  10,  or  between  10  and  100,  or  any  other  two  adja- 
cent terms  of  the  series  between  which  the  proposed  number  lies*  Between 
the  mean  thus  found  and  the  nearest  extreme,  find  another  geometrical  mean 
in  the  same  manner,  and  so  on  till  you  arrive  at  the  number  whose  loga- 
rithm is  sought.    Find  as  many  arithmetical  means,  according  to  the  order 

m  vrbich  the  geometrical  ones  were  found^  and  they  will  be  the  logarithms 

s 
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of  the  said  geometrical  means ;  the  last  of  which  will  be  the  logarithm  of 
the  proposed  number. 

Example. 

To  compute  the  Ldg.  of  2  to  eight  Places  of  Decimals :— - 

Here  the  proposed  ntmiber  lies  between  1  and  10. 

Blrst^        The  log.  of  1  is  0^  and  the  log«  of  10  is  1 ; 

therefore  0+l-i-2  =  «5is  the  arithmetical  mean, 

and  V  1  X  10  =  3. 1622777  is  the  geometrical  mean : 
hence  the  log.  of  3. 1622777  is  •  5. 

Second^    The  log.  of  1  is  0,  and  the  log.  of  3. 1622777  is  .  5 ; 
therefore  0  +  5  -i-  2  =  .  25  is  the  arithmetical  mean, 

and  v'  1  X  3. 1622777  =  1. 7782794  the  geometrical  mean : 
hence  the  log.  of  1 .  7782794  is  .  25. 

Third,      The  log.  of  1 .  7782794  is  .  25,  and  the  log.  of  3. 1622777  is  .  5  5 
therefore  .25  +  •  5  -h  2  =  •  375  is  the  arithmetical  mean, 

and  ^  1.7782794  x  3.1622777=  2. 3713741  the  geo.  mean : 
hence  the  log.  of  2. 3713741  is  .375. 

Fourth,    The  log.  of  1 .  7782794  is  .  25,  and  the  log.  of  2. 37 1 374 1  is .  375 ; 
therefore  .  25  +  .  375  -h  2  =  .  3125  is  the  arithmetical  mean, 

and  ^  1.7782794  x  2.3713741  =  2.0535252  the  geo.  mean : 
hence  the  log.  of  2. 0536252  is  .  3 1 25. 

Fifth,       Thelog.ofl.7782794is.25,andthelog.of2.0535252is.3125; 
therefore  .  25  +  .  3125  •«-  2  =  .  28125  is  the  arith.  mean, 

and  V  1.7782794  x  2.0535252  =  1.9109530  the  geo. mean: 
'  hence  the  log.  of  1. 9109530  is  .  28125. 

Sixth,      Thelog.ofl.9109530is.28125,&thelog.of2.0535252i8.3125; 
therefore  .  28125  +  .  3125  -h  2  =  .  296875  is  the  arith.  mean, 

and  V  1.9109530  x  2.0535252  =  1.9809568  the  geo. mean: 
hence  the  log.  of  1.  9809568  is .  296875. 

Seventh,  Thelog.of 1. 9809568 is. 2968/5, & thelog.of 2.0535252is .8125; 
therefore .  296875  +  •  3125  -<-  2  =.3046875  is  the  arith.  mean, 

and  v' 1.9809568  x  2.0535252  =  2. 0169146  the  geo. mean: 
hence  the  log.  of  2. 0169146  is .  3046875. 

Eighth,    Thelog.of2. 01«9146is. 3046875,&log.of  1. 9809568is296875 ; 
therefore .  3046875  + .  296875  -h  2=.  30078125  is  the  ar.  mean, 

and  >/  2.0169146  x  1.9809568  =  1. 9988548  the  geo.  mean : 
hence  the  log.  of  U  9988548  is .  30078125.  ^ 
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Proceeding  in  this  manner,  it  will  be  found,  after  25  extractions,  that 
the  log.  of  L  9999999  is  .30103000;  and  since  1.9999999  may  be  con- 
sidered as  being  essentially  equal  to  2  in  all  the  practical  purposes  to 
which  it  can  be  applied,  therefore  the  log.  of  2  is  .  30103000. 

If  the  log.  of  3  be  determined,  in  the  same  manner,  it  will  be  found  that 
the  twenty-fifth  arithmetical  mean  will  be  •  477 1 2125,  and  the  geometrical 
mean  2. 9999999 ;  and  since  this  may  be  considered  as  being  in  every  re* 
spect  equal  to  3,  therefore  the  log.  of  3  is  .  47712125. 

Now,  from  the  logs,  of  2  and  3,  thus  found,  and  the  log.  of  10,  which 
is  given=l,  a  great  many  other  logarithms  maybe  readily  raised;  because 
the  sum  of  the  logs,  of  any  two  numbers  gives  the  log.  of  their  product;  and 
the  difference  of  their  logs,  the  log.  of  the  quotient;  the  log.  of  any  num- 
ber, being  multiplied  by  2,  will  give  the  log.  of  the  square  of  that  number  ; 
or,  multiplied  by  3,  will  give  the  log.  of  its  cube  j  as  in  the  following 
examples :— - 


Example  1. 
To  find  the  Log.  of  4  :— • 

To  the  log.  of  2  =       .  30103000 
Add  the  log.  of  2  =       .  30103000 

Sum  is  the  log.  of  4  =  .  60206000 

Example  2. 

To  find  the  Log.  of  5 : — 

From  the  log.  of  10=1. 00000000 
Take  the  log.  of  2*  =    .  30103000 

Rem.  is  the  log.  of  5  = .  69897000 

Example  3. 

To  find  the  Log.  of  6  :— 

Tothelog.  of  3  =      .47712125 
Add  the  log.  of  2  =      .301 03000 

Sum  is  the  log.  of  6  =  .  77815125 

Example  4. 
To  find  the  Log.  of  8  :— 

To  the  log.  of  4  =       .  60206000 
Add  the  log.  of  2  =      .  30103000 

Sum  is  the  log.  of  8  =  .  90309000 


Example  5* 

To  find  the  Log.  of  9  :— 
To  the  log.  of  3=        .47712125 
Add  the  log.  of  3  s      .  47712125 

Sum  is  the  log.  of  9  = .  95424250 

Example  6. 

To  find  the  Log.  of  15  :— 
To  the  log.  of  5  =        .  69897000 
Add  the  log.  of  3  =      .  477 1 2 1 25 

Sum  is  the  log.  of  15=1. 17609125 
Example  7. 

To  find  the  Log.  of  81  =  the 

square  of  9  :— 

Log.  of  9  =   .    .    •    .  95424250 

Multiply  by        .    .    .  2 

Pro.  is  the  log.  of  8 1  =  1 .  90848500 
Example  8. 

To  find  the  Log.  of  729  s=  the 
cube  of  9. 

Log.  of  9=    .    .    .    .95424250 
Multiply  by  .    .      .  3 

Pro,is  thelog.of  729=s2. 86272750 


I 
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iSince  the  oddnumbere  7.  11.  13.  17.  19.  23.  29-  &c.  cannot  be  exactly 
deduced  from  the  noultiplicatien  or  division  of  any  two  numbers^  the  logs. 
of  those  must  be  computed  agreeably  to  the  rule  by  which  the  logs,  of  2 
and  3  were  obtained ;  after  which,  the  labour  attending  the  construction  of 
a  table  of  logarithms  will  be  greatly  diminished,  because  the  principal,  part 
of  the  numbers  may  then  be  very  readily  found  by  addition,  subtraction, 
and  composition. 

Of  the  Table. 

This  Table,  which  is  particularly  adapted  to  the  reduction  of  the  appa- 
rent to  the  true  central  distance,  by  certain  concise  methods  of  computa- 
tion, to  be  treated  of  in  the  Lunar  Observations,  is  divided  into  two  parts : 
fhejint  of  which  contains  the  decimal  parts  of  the  logs.,  to  six  places  of 
figures,  of  all  the  natural  numbers  from  unity,  or  1,  to  999999;  and  the 
#eco»id,  the  logs,  to  the  same  extent,  of  all  the  natural  numbers  from 
1000000  to  1839999; — and  although  the- logs,  apparently  commence  at 
the  natural  number  100,  yet  the  logs,  of  all  the  natural  numbers  under  that 
are  also  given  :  tbus^  the  log.  of  1,  or  10,  is  the  same  as  that  of  100 ;  the 
log.  of  2,  or  20j  is  the  same  as  that  of  200 ;  the  log.  of  3^  or  30,  is  equal 
to  that  of  300 ;  that  of  1 1,  to  1 10 ;  that  of  17,  to  170 ;  that  of  99,  to  990 ; 
and  so  on :  using,  however,  a  different  index.  And  as  the  indices  are  not 
affixed  to  the  logs.^  they  must  therefore  be  supplied  by  the  computer :  these 
indices  are  always  to  be  considered  as  being  one  less  than  the  i^umber  of 
integer  figures  in  the  corresponding  natural  number.  Hence  the  index  to 
the  log.  of  any  natural  number,  from  1  to  9  inclusive,  is  0 ;  the  index  to 
the  log.  of  any  number  from  10  to  99  inclusive,  is  1 ;  that  to  the  log.  of  any 
number  from  100  to  999,  is  2 ;  that  to  the  log.  of  any  number  from  1000 
to  9999,  is  3)  &c.  &c.  &c.  llie  second  part  of  the  Table  will  be  found 
very  useful  in  computing  the  luuar  observations,  by  certain  methods  to  be 
given  hereafter^  when  the  apparent  distance  exceeds  90  degrees,  or  when 
it  becomes  necessary  to  take  out  the  log.  of  a  natural  number  consbting 
of  seven  places  of  figures,  and  conversely. 

In  the  left-hand  column  of  the  Table,  and  in  the  upper  or  lower  hori.* 
sontal  row,  are  given  the  natural  numbers,  proceeding  in  regular  succes- 
sion ;  and,  in  the  ten  adjacent  vertical  columns,  their  corresponding  loga- 
rithms. 

As  the  sixe  of  the  paper  would  hot  admit  of  the  ample  insertion  of  the 
logs.,  except  in  the  first  column,  therefore  only  the  four  last  figures  of  each 
log.  are  given  in  the  nine  following  columns ;  the  two  preceding  figures 
belonging  to  which  will  be  found  in  th^  first  column  under  0  at  top,  or 
over  0  at  bottom ;  and  where  these  two  preceding  figures  change,  in  the 
body  of  the  Table^  large  dots  ^re  introduced  instead  of  O's,  to  catch  the 
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eye  and  to  indicate  that  from  thence,  through  the  rest  of  the  line,  the 
said  two  preceding  figures  are  to  be  taken  from  the  next  lower  line  in  the 
column  under  or  over  0  :  those  dots  are  to  be  accounted  as  ciphers  in  tak* 
ing  out  the  logarithms. 

The  log.  of  any  .natural  number  consisting  of  four  figures,  or  under,  and 
conversely,  is  found  directly  by  the  Table ;  but  because  the  log.  oF  a  natural 
number  consisting  of  five  or  more  places  of  figures,  and  the  converse,  is 
frequently  required  in  th^  reduction  of  the  apparent  to  the  true  central 
distance,  and  also  in  many  other  astronomical  calculations ;  proportional 
parts  are,  therefore,  adapted  to  the  Table,  and  arranged  in  the  nine  small 
coluDms  on  the  right-hand  side  of  each  page;  by  means  of  which  the  loga- 
rithms of  all  the  natural  numbers,  not  consisting  of  more  than  seven  places 
of  figures,  and  vice  versa,  may  be  found  to  a  sufficient  degree  of  accuracy 
for  all  nautical  purposes,  as  may  be  seen  in  the  following  problems* 


Probuim  L 

dioen  a  Natural  Number  consisting  qfjlve^  six,  cr  seven  Places  of 
Figures,  to  find  the  corresponding  Logarithm. 

RULB. 

Look  for  the  three  first  figures  of  the  given  natural  number  in  the  left-hand 
column;  opposite  to  which,  and  under  the  fourth  figure,  in  the  horiiontal 
column  at  top,  will  be  found  the  log.  to  the  four  first  figures  of  the  given 
natural  number :  on  the  same  line  with  this,  and  under  the  fifth  figure  of 
the  natural  number  at  top,  in  the  proportional  parts,  will  be  found  a  number, 
which,  being  added  to  the  above,  will  give  the  log.  to  five  places  of  figures 
of  the  given  natural  number;  on  the  same  line  of  proportional  parts,  and 
under  the  sixth  figure  of  the  natural  number  at  top,  will  be  found  a  numbg*, 
which,  being  divided  by  10,  and  the  quotient  added  to  the  last  found  Iqg., 
will  give  the  log.  to  six  places  of  figures  of  the  given  natural  number.  In 
the  same  manner,  the  log.  may  be  taken  out  to  seven  places  of  figures ; 
observing,  that  the  number  in  the  proportional  parts,  correspon^ng  to  the 
seventh  figure  of  the  natural  number,  is  to  be  divided  by  100« 

Note.— In  dividing  by  10  or  100,  we  haye  only  to  strike  off  the  right* 
baud,  or  two  right-hand  figures. 

Example. 

Re<piired  the  log%  corresponding  to  the  given  natural  Bimbtr  1878979? 

f2 


1 
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Log,  corresponding  to  1378         (four  first  figures)  is    ...    .  139249 
5th  fig.  of  the  nat.  num.       .9       ans.  to  which  in  the  pro.  parts  is  284 

6th  fig.  of        do.  .  •  •  7     ans.  to  which  in  the  pro.  parts  is 

221,  which,  divided  by  10, 

gives  22.1 22 

7th  fig«  of        do*  •  • .  8  ans.  to  which  in  the  pro.  parts  is 

252,  which,  divided  by  100, 
gives  2.52 2 


Given  natural  number  1378978  Corresponding  log.   =     .    .  6. 139557^ 


PaOBLBM  11. 

To  find  the  Natural  Number  to  five,  six,  or  seven  Places  of  Figures, 

corresponding  to  a  given  Logarithm. 

Rule. 

Find  the  next  less  log.  answering  to  the  given  one  in  the  column  under 
0 ;  continue  the  sight  along  the  horizontal  line,  and  a  log.,  either  the  same 
as  that  given,  or  somewhat  near  it,  will  be  found ;  then,  the  three  first 
figures  of  the  corresponding  natural  number  will  be  found  in  the  left-hand 
column,  and  the  fourth  figure,  above  the  log.,  at  the  top  of  the  Table.  Should 
the  given  log.  be  found  exactly,  let  one,  two,  or  three  ciphers  be  annexed 
to  the  natural  number  found  as  above,  according  to  the  number  of  figures 
wanted,  and  it  will  be  the  natural  number  required.  But,  if  the  log.  cannot 
be  exactly  found  (which  in  general  will  be  the  case),  find  the  difference 
between  the  given  log.  and  the  next  less  log.  in  the  Table :  with  this 
difference,  enter  the  proportional  parts,  on  the  same  horizontal  line  in 
which  the  next  less  log.  was  found,  and  find  the  next  less  proportional 
part ;  answering  to  which,  at  the  top  or  bottom,  mil  be  found  the  fifth 
figure  of  the  required  natural  number :  find  the  difference  between  the 
above*found  difference  and  the  aforesaid  next  less  proportional  part; 
which  being  multiplied  by  10,  and  the  product  found  in  the  same  line  of 
proportional  parts,  the  number  corresponding  thereto,  at  top  or  bottom, 
will  be  the  sikth  figure  of  the  required  natural  number.  Now,  the  differ- 
ence between  the  ab6ve  product  and  its  next  less  proportional  part,  being 
multiplied  by  10,  also,  and  the  product  found  in  the  same  line  of  propor- 
tional parts,  the  number  answering  thereto  at  top  or  bottom  will  be  the 
seventh  figure  of  the  required  natural  number. 


,*neidde3(6bpf«fiMd|be9auietlie^veaiMtttnliuuDb6r  consiiti  of  seven  pUcfs  of 

iigUNt. 
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Example. 
Required  the  natural  number  corresponding  to  the  given  log,  6. 1 19558? 

Given  log 6.119558 

1316  =  fourfirst  figs,  ofthe  required  nat.  num. 

answering  to  next  less  log.        •    •       .  1 19256 

Difference 302 

.  9  =  fifth  fig.  ofthe  required  nat.  num.  ans. 

to  the  pro.  part  next  less    i    .    •  297 

Difference 5x10=:  50  product. 

•  •  l=sixth  fig.  of  the  required  nat.  num. 

ans.  to  pro.  part  next  less        ••••«•    33 

Difference 17x10^170 

•  • .  5=seventh  fig.  of  the  required  nat.  num.  ans.  to  the 

nearest  pro.  part      •     •     •    « •    «     165 

1316915  which  is  the  natural  number  corresponding  to  the  pven  log. 
6. 1 19558^  as  required. 

iVbf6.— From  the  above  Problems^  the  manner  of  using  the  second  part 
of  the  Table  will  appear  obvious. 


Remarks. 

1.  The  whole  of  the  operation  is  inserted  at  lengthy  for  the  purpose  of 
illustrating,  more  clearly,  the  use  of  the  Table ;  but  in  practice,  the  logs. 
may,  in  most  cases,  be  taken  out  at  sight,  and  conversely  3  particularly 
from  the  second  part,  where  the  natural  numbers  are  given  to  five  places  of 
figures,  from  1000000  to  1839999. 

2.  In  taking  out  the  log.  of  a  decimal  fraction,  or  any  number  less  than 
unity,  if  the  first  decimal  place  be  a  significant  figure,  the  index  of  its  log. 
is  to  be  accounted  as  9  ;  but  if  the  first  significant  figure  of  the  decimal 
stands  in  the  second,  third,  or  fourth  place,  &c.,  the  index  of  the  corre- 
sponding log.  is  to  be  taken  as  8,  7,  or  6,  &c.  The  converse  of  this, — that 
is,  finding  the  significant  decimals  corresponding  to  a  given  log.,  will 
appear  obvious. 

3.  The  arithmetical  complement  of  a  log.  is  what  that  log.  wants  of  the 
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radius  of  the  Table ;  viz.^  of  10. 000000 :  this  is  most  easily  found,  by  begin- 
ning at  the  left  hand,  and  subtracting  each  figure  from  9,  except  the  last 
significant  one,  which  is  to  be  taken  from  10 ;  as  thus : 

The  ariihmeticai  complement  of  the  log.  4.S7285S  is  5.627147 ;  and 
so  on« 


*    ^ 


Problem  III. 
To  petfyrm  MuUiplicaiion  by  LogorilAmf. 

duLE. 

To  the  log.  of  the  multiplicand,  add  the  log.  of  the  multiplier,  or  add 
the  logs,  of  the  factors  together,  and  the  sum  m\l  be  the  log.  of  the'  pro- 
duct ;  the  natiiraf  numl>er  corresponding  to  which  will  be  the  product 
required.  ,  .        .    « 


Example  U 

Multiply  436  by  19. 7. 

436    Log.  =    .    .    2,639486 
19.7    Log.  =     .    .    1.294466 


Ph)d.=8589. 18  Log.=3. 933952 

Example  2. 

Multiply  437. 8  by  14. 07,  and 
also  by  0. 239. 

437.8   Log.=  .  2.641276 

14.07   Log.  r:  .  1.148294 

0.239  Log.  =s  .  9.378398 

Pro. =1472. 204  Log.  =  3. 167968 


Abfod-^Respecting 
Remark  2,  page  69. 


II  Example  3. 

What  is  the  product  of  0. 049, 
9. 875,  and  0. 753  ? 

0.049  Log.  =  .  .  8.690196 
9. 875  Log.  =  .  .  0. 994537 
0,753    Log.=    .    .    9.876795 


Prod.=:0. 3642   Log.  =  9. 561528 

Example  4. 

What  is  the  product  of  0. 0567 
and  0. 00339  ? 


0. 0567    Log.  8 
0. 00SS9  Log.  a 


%    8.75358S 
.    7«  530200 


Pro.»0. 000I922Log.s6. 283783 
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P&0BI3M   IV. 

To  perform  IXoision  by  Logarithms. 

Rule. 

From  the  log.  of  the  dividend,  subtract  the  log.  of  the  divisor,  and  the 
remainder  will  be  the  log.  of  the  quotient;  the  natural  number  corre- 
sponding to  which  will  be  the  quotient  required. 


Exanqtle  U 

Divide  1497  by  93.  .    .    .    . 

1497    Log.  =     .    .    3. 175222 
93    Log.  =     .    .     U9684S3 


Quo.=  16.0968    Log.=  l.  206739 

Example  2. 
Divide  469. 76  by  0.937. 

469.76    Log.  =      .    2.671876 
0.937  Log.  =     .    9.971740 


Qfio.*=50l.S43    Log.=2. 700136 


J^frampIeS. 

Divide  49. 73  by  0. 0682. 

49.73  Log.   =     1.696618 

0.0632        Log.  =    8.800717 


Quo.=786.869=Log.=2. 895901 

Example  4. 

Divide  0.  tX>815  by  0. 000275. 

0.00815    Log.  =    .    7.911158 
0.000275. Log.  =    .    6.439333 


Quo.=29. 6368  Log.  =  1. 471825 


■    Problsm  V. 

To  perform  Proportion,  or  the  Rule  of  Three,  or  Golden  Rule,  by 

Lt^rithms.    . 

Rule. 
To  t|ie  arithmetical  complement  of  the  log.  of  the  first  term^  add  the 
logs,  of  the  Becond  and  thurd  terms  ;  and  the  sum  will  be  the  log.  of  the 
fourth  term^  or  answer. 

Example  \. 

If  a  ship  sails  19|  miles  in  2i  hours^  how  many  miles  will  she  run^  at 
the  same  rate,  in  24  hours  ? 

As  2. 25  hours,  arith.  comp.  log.    =     .    .    .    9.647817 

Is  to  19. 5  miles,  log.       .    ; 1.290035 

So  is  24  houn,  log.       -. ;     1.380211 

To  208  miles,  log.    = 2.318063 
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Example  2. 

If  the  interest  of  1001.  for  365  days  be  41. 10*.,  what  will  be  the  interest 
ofl78J.  15*.  for  213day8? 

.5100    Arith.  comp.  of  log.    =     .    •     8.000000 
^1365  Do.        do.  .    .     7.437707 


Is  to  j 


178.75     Log 2.252246 

213.         Log 2.328380 


So  is    4.5  Log 0.653213 

To       4.69403  Log 0.671546 

Example  3. 

A  man  of  war,  sailing  at  the  rate  of  9  knots  an  hour,  descried  a  ship, 
distant  26  miles,  sailing  at  the  rate  of  6^  knots,  to  which  she  gave  chase  : 
after  two  hours'  chase,  the  breeze  freshened,  and  increased  the  man  of  war's 
rate  of  sailing  to  1 1|  knote,  and  that  of  the  chase  to  6|.  In  what  time  did 
the  man  of  war  come  up  with  the  chase  ? 

Sohiion. — Since  the  man  of  war  gained,  at  the  commencement,  2\  miles 
an  hour  on  the  chase,  therefore,  at  the  end  of  the  first  two  hours,  the  dis- 
tance between  them  was  reduced  to  21  miles ;  during  the  rest  of  the  chase, 
the  hourly  gain  of  the  man  of  war  was  21  miles. 

Hence,  As  the  hourly  gun  2. 75  Ar.  comp.  log.  9. 560667 
Is  to  ....  1  hour.  Log.  •  .  0. 000000 
So  is  distance     .  21  miles.   Log.  .    .     1.322219 

To      ....    7.6363     Log.    =:      0.882886, 
or  7  hours  and  38  minutes  from  the  time  the  breeze  frtsbened. 


■»> 


Problem  VI, 
To  perform  JnooMion  by  Logarithms. 

Rule. 

Multiply  the  log.  of  the  given  number  by  the  index  of  the  power  to 
which  it  is  to  be  r^sed,  and  the  product  will  be  the  log.  of  the  required 
power. 
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Example  1. 

Required  the  square  of  346  ? 

346    Log.       ...    2.539076 
Ind.  of  the  power=  2 


Answer  119716   Log.=5. 078152 


Example  2. 

Required  the  cube  of  754  ? 

754    JLog 2.877371 

Ind.  of  the  powers  3 


Ans.  428661064  Log.=:8.632113 


Pboblem  VII. 
To  perform  Evolution  by  Logarithms. 

RuiB. 

Divide  the  log.  of  the  given  number  by  the  index  of  the  power^  and  the 
quotient  will  be  the  log.  of  the  root. 


Example  1. 

Required    the    s(|uare    root    of 
76176? 

76176    Log.     .    .     y4. 881818 


Ani.  276        Log.  =:    2.440909 


Example  2. 

Required    the     cube    root    of 
21952000? 

21952000    Log.  .     f 7. 341475 


.    Ans.  280    Log.    =     2.447158} 


Problem  VIII. 
To  find  the  Tonnage  of  a  Ship  by  Logarithms. 

RULB. 

To  the  log.  of  the  length  of  the  keel3  reduced  to  tonnage^  add  the  log.  of 
the  breadth  of  the  beam^  the  log.  of  half  the  breadth  of  the  beam,  and  the 
constant  1<^.  8.026872*;  the  sum,  rejecting  10  from  the  index,  will  be 
the  log.  of  the  required  toonage. 

Example. 

Let  the  length  of  a  ship's  keel,  reduced  to  tonnage,  be  1 20. 5  feet,  and 
the  breadth  of  the  beam  35.  75  feet ;  required  the  ship's  tonnage  ? 


*  This  is  the  arithmetical  complement  of  the  lo^.  of  94 ;  the  common  divisor  for  findiof; 
the  tonnage  of  ships. 
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Liength  of  th^  keel  for  tonnage  .     1 20. 5      feet        Log.  2. 080987 
Breadth  of  the  beam    ....      35.75     feet        Log.  1.553276 

Half  ditto 17.875  feet        Log.  1.252246 

Constantlog.     « .   8.026872 


Required  tonnage 819.18   .    .    .    Log.  2.913381 


Problem  IX. 

Given  the  Meamred  Length  of  a  Knot,  the  Number  of  Seconds  run  by 
the  GUuSy  and  the  Distance  sailed  per  Log,  to  find  the  true  Distance 
by  Logarithms. 

Rule. 

To  the  arithmetical  complement  of  the  log*  of  the  number  of  seconds 
run  by  the  glass3  add  the  log.  of  the  measured  length  of  a  knot,  the  log.  of 
the  distance  sailed^  and  the  constant  log.  9. 795880*  ;  the  sum  of  these 
four  logs.,  rejecting  20  from  the  index,  will  be  the  log.  of  the  true  distance. 

Example  1. 

The  distance  Sailed  by  the  log  is  180  miles;  the  measured  length  of  a  knot 
is  43  feet,  and  the  time  by  the  glass  32  seconds ;  required  the  true  distance  ? 

32  seconds,  arith.  comp.  log.        ...  8. 494850 

43  feet,  log.     =        1.633469 

180  miles,  log.  =        2. 255273 

'    Constantlog.    =  9.795880 


Tnie  distance  =  151. 2  miles.       Log.  =2.179472 

Example  2. 

The  distance  sailed  by  the  log  is  210  miles ;  the  measured  length  of  a  knot 
is  5 1  feet,  and  the  time  by  the  glass  27  seconds ;  required  the  true  distance  ? 

27  seconds,  arith.  comp.  log.    c:     •    .    8. 568636 

51  feet,  log •     .     .     .     1.707570 

210  miles,  log.    .    .    ;    %    .        ...    2.322219 

Constant  log.  9. 795880 

True  distance  =  247. 9  miles,    Log.  =     2. 394305 

.  *  This  is  the  sam  of  the  arithmetical  complement  of  the  lo;.  of  48  (the  geaml  Icssth 
of  a  knot)  and  the  log,  of  30  seconds,  the  true  measure  of  the  haif-minute  glass. 
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Tabu  XXIX. 

Proportional  Logarithms. 

« 

Tbh  Table  contains  the  proportional  log.  corresponding  to  all  portions 
of  time  under  three  hours^  and  to  every  second  under  three  d€^;ree8.  tt 
was  originally  computed  by  Dr.  Maskelyn^  ai\d  particularly  adapted  to  Ai 
operation  for  finding  the  apparent  time  at  Greenwich  answering  to  a  given 
distance  between  the  moon  and  sun,  or  a  fixed  star;  but  it  is  now  applied 
to  many  other  important  purposes^  as  will  be  seen  hereafter. 

•    •<     •     . 

Proportional  Logarithmi  maybe  computed  by  the  following 

Rule*  ^ 

From  the  common  log.  of  3  hours,  reduced  to  seconds,  subtract  the 
^eommoB  log.  of  the  given  time  in  seconds ;  and  the  remainder  will  be  the 
proportional  log.  corresponding  theriip. 

JSxomple* 

Required  the  proportional  log.  corresponding  to  0M0726 !  ? 

3  honra  reduced  to  seconds  =     10800?  Log.    ^    4.033424 

40726 ;  given  time,  in  sees.  =      2426r  Log.    =     3.384891 


I 


Proportional  log.  corresponding  to  the  given  time  =  0. 6485. 33 

As  hours  and  degrees  are  similarly  divided^  therefore,  in  the  general  use 
c^  this  Table,  the  hours  and  parts  of  an  hour,  may  be  considered  as 
d^rees  and  parts  of  a  degree,  and  conversely.  And  to  render  the  use  of 
it  more  ex^nsive,  one  minute  inay  be  esteemed  as  being  either  one  degree, 
er  one  second,  and  vice  versa. 

Since  proportion  is  performed  by  adding  together  the  arithmetical  com- 
plement of  the  proportional  logarithm  of  the  first  term,  and  the  propor- 
tional logarithms  of  the  second  and  third  terms,  rejecting  10  from  the 
indexy  the  present  Table  is  of  great  use  in  reducing  the  altitudes  of 
the  moon  and  sun,  or  a  fixed  star,  to  the  mean  time  and  distance,  when 
%e  observations  are  made  by  one  person,  as  will  appear  evident  by  the 
Mlowing 

Example. 

Let  the  fi[rst  altitude  of  the  moon's  lower  limb  be  27?25^20'',  and  the 
corresponding  time  per  watch  21M2?8!^  and  the  last  altitude  25?24:20C'9 
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and  its  corresponding  time  21*55T57';  it  is  required  to  reduce  the  first 
altitude  to  what  it  should  be  at  21M9T33!^  the  time  at  which  the  mean 
lunar  distance  was  taken  ? 

l8ttime2lM2r  8!  Isttime  21*42?  8!  1st  alt.  27^25  ^20^  27?25:20r 
Last  do.  21. 55. 57  Mean  do.  21. 49. 33  Last  do. 25. 24. 20 


Diff.    .    0.13.49    DiflF.    .    0.   7.25    Diff  •    2.    1.  0 

As  13T49?,  arithmetical  comp.  prop.  log.  =  8. 8851 
Is  to  7*25!  proportional  log.  •  .  •  ..  =  1.3851 
So  is    2?   K  proportional  log =0.1725 

To  prop.  log.  of  reduction  of  Moon's  alt. .    =  0. 4427  =  —    1  ?  4'57^ 

Moon's  alt  reduced  to  mean  time  of  observation    •    •   =      26  ?  20^  23  T 

And  in  the  same  manner  may  the  altitude  of  the  sun,  or  a  fixed  star,  be 
reduced  to  the  time  of  taking  the  myn  lunar  distance. 

Remark, — ^Although  this  Table  is  only  extended  to  3  hours  or  3  degrees, 
yet  by  taking  such  terms  as  exceed  those  quantities  one  grade  lower,  that 
is,  the  hours,  or  degrees,  to  be  esteemed  as  minutes,  and  the  minutes  as 
seconds,  the  proportion  may  be  worked  as  above :  hence  it  is  evident  that 
the  Table  may  be  very  conveniently  applied  to  the  reduction  of  the  sun's, 
moon's,  or  a  planet's  right  ascension  and  declination  to  any  given  time  after 
noon  or  midnight ;  and,  also,  to  the  equation  of  time ; — for  the  illustration 
of  which  the  following  Problems  are  given. 


Problbm  L 

To  reduce  the  Sun's  Longitude,  Right  Ascension  and  Declination;  and, 
also,  the  E^uition  of  Thne,  as  given  in  the  Nautical  Almanac,  to  any 
^ven  Meridian,  aiid  to  any  given  time  under  that  Meridian. 

Rule. 

To  the  apparent  time  at  ship,  or  place,  (to  be  always  reckoned  from  the 
preceding  noon  *,)  add  the  longitude,  in  time,  if  it  be  west,  but  subtract  it 
if  east ;  and  the  sum,  or  difference,  will  be  the  Greenwich  time. 

From  page  If.  of  the  month  in  the  Nautical  Almanac,  take  out  the  sun's 


f  See  precepts  to  Table  XV.— page  25, 
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longitude^  right  ascension^  declination^  or  equation  of  time  for  the  noons 
immediately  preceding- and  following  the  Ghreenwich  time,  and  find  their 
difference;  then,  , 

To  the  proportional  log.  of  this  difference,  add  the  proportional  log.  of 
the  Greenwich  time  (reckoning  the  hours  as  minuteSj  and  the  minutes  as 
secondSy)  and  the  constant  log.  9. 1249* ;  the  sum  of  these  three  logs.,  re- 
jecting 10  from  the  index^  will  be  the  proportional  log.  of  a  correction 
which  is  always  to  be  added  to  the  sun's  longitude  and  right  ascension  at 
the  noon  precedbig  the  Greenwich  time  ;  but  to  be  applied  by  addition '  or 
rabtraction  to  the  sun's  declination  and  the  equation  of  time,  at  that  noon, 
according  as  they  may  be  increasing  or  decreasing. 

Example  1. 

Iteqoired  the  son's  longitude,  right  ascension  and  declination^  and  also 
the  eqoationof  thne,  May  6th,  1824,  at  5M0?,  in  longitude  64?45C  west 
of  the  meridian  ot  Greenwich  ? 

Apparent  time  at  ship  or  place,  =     •••••    5  MO* 
Longitude  64 ? 45  C  west,  in  time,  =     •     •    •    .'    .+4.19 

Greenwich  time^  33     ........    •.«•    9!29? 

To  find  the  Sun's  Longitude. 

IKff.  in  24  hours  =  57 '59rprop.log =    .4920 

Greenwich  time   =    9*  29 T  prop.  log.    .     .    ^     .     .     .    •     =1.2783 

Constant  log =  9. 1249 

Correction  of  sun's  long =     .  +  22'55r  p.  log.  =  0.  8952 

Sun's  long,  at  noon,  May  6,  1824   .  =  1 !  15?51  ^  13r 


Sun's  long,  as  required      .     .     .     .  =   Ifl6?l4'   8T 

To  find  the  Sun's  Right  Ascension. 

Diff.  in  24  hours  =    3^52^' prop.  log.    ; =1.6679 

Greenwich  time   =    9*29T  prop.  log.    .......     =1.2783 

^  Constant  log =  9*  1249 

Correction  of  sun's  right  asc.   •     .     .     =  +     1'32'r  p.  log.  =  2.0711 
Sun's  right  asc.  at  noon,  May  6, 1824,  =    2*53?31 ' .  7 

Sun's  right  asc.  as  fequired  .    •    •  .  .     =    2*55?  3'.  7 
t  The  arltbmeticai  complement  of  the  proportioiial  log.'of  !if4  hours  esteemed  as  miniites, 
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To  find  the  Sun's  Declination. 

Diff.  in  24  hoi)ra=  16  ^38  rprop.log =1.0343 

Greenwich  time   =    9^29"  prop,  log =1.2783 

Constant  log =9. 1249 

Correction  of  sun's  dec =+     6^34f  p.  log.  =:  U4375 

Sun's  dec.  at  noon,  May  6^  1824,  .    •    =16?36!  5r  north. 

Sun's  dec.  as  required »16?4aC39r  north. 

To  find  the  Equation  of  Time. 

Diff.  in  24  hours  s    4^.5    prop,  log«       =3,3839 

Greenwich  time  ss    9! 29?  prop,  log,        «    =:  1.2783 

Constant  log.    •««,,«,=::  9. 1249 

Correction  of  the  equation  of  time     •    =:  +     1  '•  8   p.  log,  s  S,  786 1 
Equation  of  time.  May  6, 1 824     •    •    =   3r36  • ,  1 


Equation  of  time  tM  required    •    .    •'   =    8?37'*9 

lifmarfc.--Since  the  daily  difference  of  the  equation  of  time  is  ex- 
pressed, in  the  Nautical  Almanac,  in  seconds  and  tenths  of  a  second ;  if^ 
therefore,  these  tenths  be  multiplied  by  6,  the  daily  diference  will  be  re- 
duced to  seconds  and  thirds  :-«-Now,  if  those  seconds  and  thirds  be  esteem- 
ed as  minutes  and  seconds,  the  operation  of  reducing  the  equation  of  time 
will  become  infinitely  more  simple  ;  because  the  necessity  of  making  pro- 
portion for  the  tenths,  as  above,  will  then  be  done  away  with  :— remember- 
ing, however,  that  the  minutes  and  seconds  corresponding  to  the  sum  of  the 
three  logs,  are  to  be  considered  as  seconds'  and  thirds. 

Example  2. 

Required  the  sun's  longitude,  right  ascension,  and  declination,  and  also 
the  equation  of  time,  August  2d,  1824,  at  19i22?,  in  longitude  98?45(  east 
of  the  meridian  of  Greenwich  ? 

Apparent  time  at  ship,  or  place^  19^22? 

Longitude  98?45'  east,  in  time,  =:     ,    «    ,    »    —  6.35^ 


Greenwich  tim^    #    #    •    ^    •        ■    •    •    •    «  12i47* 
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To  find  the  Sun's  Longitude  : — 

DiflF.  in24hours=  57:28r  prop.  log =     .4959 

Greenwich  time  =   12*47*  prop,  log =   1.1486 

Constant  log =9.  1249 

Correction  of  bun's  longitude,     ..=      -{-  30.'37^  P- log.  =  0. 7G94 
Sun's  longitude  at  noon,  Aug.  2, 1824   =4 '10?  3:  81' 

Sun's  long,  as  required =4f  10?33:45'' 


To  find  the  Sun*s  Right  Ascension  : — 

Diff.  in  24  hours  =     3^62r  prop,  log =1.6679 

Greenwich  time    =   12*47"  prop,  log =   1.1486 

Constant  log s  9. 1249 

Correction  of  sun's  right  asc.     .     .  =  4-  2'  4Tp.log.   .     .  =  1.9414 
Sun's  rightasc.  at  noon,  Aug.  2, 1824  =8*50T  0.   8 

Sun's  right  asc.  as  required     .     .     .  =8*52T  4!. 8 


To  find  the  Sun's  Declination  : — 

Diff.  in  24  hours  =   15^36^  prop,  log =  1.0621 

Greenwich  time  =   12M7"  prop,  log =1. 1486 

Constant  log =9. 1249 

Correction  of  sun's  dec =     —     8'19rp.log.  =  1.3356 

Sun's  dec.  at  noon,  Aug.  2,  1824     .     =   17^  44 '.41^'  north. 

Sun's  dec,  as  required      ....       =17°  36'22T  north. 

To  find  the  Equation  of  Time  : — 

Diff.  in  24  hours  =     4^30^  prop,  log =1.6021 

Greenwich  time     =  12M7'^  prop,  log =   1.1486 

Constant  log =9. 1249 

Correction  of  the  equation  of  time  .     =     —     2''24'f  p.  log.  =   1.8756 
Eqn.  of  time,  at  noon,  Aug.  2, 1824,      =     5T  54!24i 

Ef|n.  of  time  as  required     .     .     .     .     =     6T  62f  0! 
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Problem  II. 

To  reduce  the  Moon' sLongiiude^  Latitude^  Semidiameier  and  Horizontal 
Parallax,  as  given  in  the  Nautical  Almanac,  to  any  given  Meridian, 
and  to  any  given  time  under  that  Meridian. 

Rule. 

To  the  mean  time  at  ship,  or  place,  (reckoned  from  the  preceding 
noon  or  midnight,)  add  the  longitude  in  time,  if  it  be  west,  but  subtract  it 
if  east,  and  the  sum,  or  difference,  will  be  the  Greenwich  time  past  that 
noon  or  midnight,  according  as  it  may  be. 

Take  from  pages  III.  and  IV.  of  the  month  in  the  Nautical  Almanac, 
the  moon's  longitude,  latitude,  semidiameter,  or  horizontal  parallax,  for 
the  noon  and  midnight  immediately  preceding  and  following  the  Green- 
wich time,  and  find  their  difference ;  then, 

To  the  proportional  log.  of  this  difference,  add  the  proportional  log.  of 
the  Greenwich  time  past  the  preceding  noon  or  midnight,  (reckoning  the 
hours  as  minutes,  and  the  minutes  as  seconds^)  and  the  constant  logarithm 
8. 8239  * ;  the  sum  of  these  three  logs.,  abating  10  in  the  index,  will  be 
the  proportional  log.  of  a  correction,  which  is  always  to  be  added  to  the 
moon's  longitude  at  the  noon  or  midnight  preceding  the  Greenwich  time ; 
but  to  be  applied  by  addition  or  subtraction  to  her  latitude,  semidiameter, 
or  horizontal  parallax,  at  that  noon  or  midnight,  according  as  it  may  be 
increasing  or  decreasing. 

Note. — Since  the  difference  of  the  moon's  longitude  in  12  hours,  will 
always  exceed  the  limits  of  the  Table,  if,  therefore,  the  one-half  or  one- 
third  of  such  difference  be  taken,  and  the  correction,  resulting  therefrom, 
multiplied  by  2  or  3,  the  required  correction  will  be  obtained. 

Example. 

Required  the  moon's  longitude,  latitude,  seimdiameter  and  horizontal 
parallax,  Aug.  2d,  1824,  at  3 MOT  mean  time  past  noon,  in  longitude 
60?30'  west  of  the  meridian  of  Greenwich  ? 

Mean  time  at  ship,  or  place      .     .     .     .     =         3*10? 
Longitude  60?30'  wTst,  in  time   .     .     .     =   +  4.    2. 


Greenwich  time,  past  noon,  Aug.  2,  1824    =         7*12* 


*  The  arithmetical  complement  of  the  proportional  log.  of  12  hours  esteemed  as  minutu. 
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To  find  the  Moon's  Longitude : — 

Diff.  in  12  hours  =  6?31  ^59r  -r-3=2?10'39i'/,  prop.  log.       =     .  1391 

Greenwich  time  = 7^2?=      prop.  log.       =  1.3979 

Constant  log =8. 8239 

One  third  the  corr.  of  the  moon's  long.  =     l?18'25'r  p.  log.  =  0.3609 

Multiply  by     ....     3. 

Corr.  of  moon's  long +       3?65'15^ 

Moon's  long,  at  noon,  Aug.  2,  1824  .  =7'  17?16^27" 

Moon's  long,  as  required      ....     7-21?ll'42r 

To  find  the  Moon's  Latitude  :— 

Diff.  in  12  hours  =23^35^  prop,  log =     .8827 

Greenwich  time  =    7*12?  prop,  log =  1.3979 

Constant  log =  8.8239 

Correction  of  moon's lat ^14'  9'' p.  log.  =  1.1045 

Moon's  lat.  at  noon,  Aug.  2,  1824    .      =     4?  6:59r  south. 

Moon's  lat.  as  required 3?52'50'/  south. 

Note, — ^The  correction,  or  proportional  part  of  the  moon's  motion, 
found  as  above,  must  be  corrected  by  the  Equation  of  Second  Differences 
contained  in  Table  XVll.,  as  explained  in  pages  33, 34,  &c. 

To  find  the  Moon's  Semidiameter :— 

Diff  in  12  hours  =       6^  prop,  log =  3.2553 

Greenwich  time  =7^12?  prop,  log =   1.3979 

Constant  log =  8.8239 

Corr.  of  the  moon's  semidiameter  .     .     .     .     —     4T  p.  log.  =  3.4771 
Moon's  semidiameter  at  noon,  Aug.  2, 1824  =15^33^ 


Moon's  semidiameter  as  required  ....     15 '29'' 

To  find  the  Moon's  Horizontal  Parallax  :— 

Diff.  in  12  hours  =     23^       prop,  log =  2.6717 

Greenwich  time    =       7-12~prop.log =  1.3979 

Constant  log =  8.8239 

Corr.  of  moon's  horiz.  paral —   14^p.  log.  =  2.8935 

Moon's  horiz.  paral.  at  noon,  Aug.  2,  1824  =  57-  6'' 

Moon's  horiz.  paral.  as  required     ....     56^52T 

Note. — The  moon's  semidiameter,  found  as  above,  must  be  augmented  by 
the  correction  ^ntaiued  in  Table  IV.,  as  explained  in  page  10. 

G 
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Problem  III. 

To  reduce  the  Moon's  Bight  Ascension  and  DeclinatUmy  as  given  in  the 
Nautical  AlmanaCy  to  any  given  time  under  a  knoum  Meridian. 

Rule. 

To  the  mean  time  at  ship,  always  reckoned  from  the  preceding  noon^ 
add  the  longitude  in  time  if  it  be  west,  but  subtract  it  if  east :  the  result 
will  be  the  corresponding  mean  time  aft  Greenwich* 

As  the  moon's  right  ascension  and  declination  are  now  given  in  the 
Nautical  Almanac  for  erery  hour,  between  pages  V.  and  XII.  of  the 
month;  therefore,  enter  those  pages  and  take  out,  under  the  given  day, 
the  right  ascensions  and  declinations  answering  to  the  hours  which  are 
next  less  and  nea:t  greater  than  the  Greenwich  time,  and  find  their  differ- 
ence :  then,  to  the  proportional  logarithm  of  the  difference  of  right  ascen- 
sion, or  of  declination,  add  the  proportional  logarithm  of  the  minutes  and 
seconds  in  the  Greenwich  time,  and  the  constant  logarithm  9. 5229  (the 
prop.  log.  ar.  comp.  of  one  hour)  ;  the  sum,  abating  10  in  the  index,  will 
be  the  proportional  logarithm  of  a  correction,  which  is  always  to  be  added 
to  the  right  ascension  at  the  next  less  hour ;  but  to  be  applied  by  addition 
or  subtraction  to  the  declination,  at  that  hour,  according  as  it  may  be  in- 
creasing or  decreasing. 

Example. 

Required  the  moon's  right  ascension  and  declination,  August  2(khj^ 
1836,  at  9t40T36f  mean  time,  in  longitude  36?30:  east  ? 

Mean  time  at  ship  or  place         s=    .     .     .     .    9*4Dr36! 
Longitude  36?30:  east,  in  time  =      .     .      —2.26.00 


Mean  time  at  Greenwich  = 7-14T36! 

Moon*s  right  ascension  at  7  hours     =  16^27*38! 
Ditto  at  8  hours     .     =  16.3^.   9 

Difference Ot  2731!  prop.  log.  =  1.8544 

Minutes  &c.  in  Greenwich  time    =  .  14.36    prop.  log.  =   1.0909 

Constant  log =  9. 5229 

Correction  of  right  ascension  =    •  0T37  •  =  prop,  log,    =  2. 4682 

Moon's  right  ascension  at  7  hours  =  16. 27. 38 


Moon's  correct  right  ascension  ^  •  16.*28T15!  as  required* 
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Moon's  declination  at  7  hours  =   —  23?54'21f  south. 
Ditto         at  8  hours  =  .     —  24.    2. 35    ditto. 


Difference 0?  8^14^  prop.  log.  =     .  1.3307 

Minutes,  &c.  in  Greenwich  time  =  14T36f         ditto      .     .  1.0909 

Constant  log 9. 5229 

Correction  of  declination  =     .  2'  0^  =  prop,  logarith  =  1.9535 

Moon's  declination  at7  hours  =  23?54'2K  south. 


Moon's  correct  declination  :=:   .  23?56^2K'  south,  as  required. 


Problem  IV. 

To  reduce  the  Right  Ascension  and  Declination  of  a  Planet,  as  given  in 
the  Nautical  Almanac,  to  any  given  time  under  a  known  Meridian. 

Rule. 

Turn  the  longitude  into  time,  and^d  it  to  the  mean  time  at  ship,  if  it. 
be  west,  but  subtract  it  if  east ;  the  sutil'or  difference  will  be  the  correspond- 
ing mean  time  at  Greenwich. 

As  it  is  the  four  bright  planets,  viz.  Venus,  Mars,  Jupiter,  and  Saturn, 
that  are  of  any  importance  to  the  mariner ;  the  places  of  which  are  given, 
in  the  order  thus  named,  for  every  noon  between  pages  278  and  302,  tod 
tween  323  and  346  of  the  Nautical  Almanac  :  therefore,  enter  those  pages 
and  take  out  the  planet's  right  ascension  lEind  declination  for  the  noons 
immediately  preceding  and  following  the  Greenwich  mean  time,  and  find 
their  difference  ;  then, — 

To  the  proportional  logarithm  of  the  difference  of  right  ascension,  or 
tff  declination,  add  the  proportional  logarithm  of  the  Greenwich  time, 
(esteeming  the  hours  as  minutes,  and  the  minutes  as  seconds,)  and  the 
constant  logarithm  9. 1249^;  the  sum,  abating  10  in  the  index,  will  be 
the  proportional  logarithm  of  a  correction,  which  being  applied  by  addi- 
tion or  subtraction  to  the  right  ascension  or  declination  at  the  noon  pre- 
ceding the  Greenwich  time,  according  as  those  elements  may  be  increasing 
or  decreasing,  the  sum,  or  difference,  will  be  the  planet's  correct  right 
ascension,  or  declination,  at  the  given  time  and  place. 

Example. 

Required  the  right  ascension,  and  the  declination  of  the  planet  Venus 
at  10t20T  mean  time,  on  the  3rd  of  July,    1836;  the  longitude  being 
75*^30'  west  of  the  meridian  of  Greenwich  ? 


*   ThU  i)i  the  prop.  lug.  ar.  comp.  of  24  boun,  esteemed  ai  minHift, 

o2 
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Mean  time  at  ship  or  place 10*20T 

Longitude  75?30'  west,  in  time  =  .     .     4-  5.    2 

Mean  time  at  Greenwich 16*22'!' 

Vcnus's  right  ascension,  July  3rd   .  =     8?52T44! 
Ditto,        ditto,  the  4th  .  —     8. 52. 34 

Difference 0.  0. 10  prop.  log.      .  3. 0334 

Greenwich  mean  time  = 15.22.   0      ditto         .  1.0687 

Constant  log 9. 1249 

Correction  of  right  ascension  .     .  =    —  0T6!  prop.  log.  =  .     .  3.2270 
Right  ascension  at  noon,  July  3rd  =  8. 52. 44 

Venus's  correct  right  ascension     .  =  8t52T38!  as  required. 
\ 

To  find  the  Declination  : — 

Venus's  declination  July  3rd  .     .  16?  3 '19'/ north. 
Ditto,     ditto,      the  4th    .     .  15, 50. 49  ditto. 

Difference \    0^12^30:  prop.  log.    .     .=   1.1584 

Greenwich  mean  time  .     .     .     .         15*22?         ditto      .     .   =   1.0687 

Constant  log 9. 1249 

Correction  of  declination      .     .      —  8'  OT  =  prop.  log.      .     .  1.3520 
Dedination  at  noon,  July  3rd  =    16?  3'  19C'  north. 

Venus's  reduced  declination  =      15?55^  19T  north,  as  required. 

Table  XXX. 
Logarithmic  Half-elapsed  Time. 

Tkis  Table  is  useful  in  finding  the  latitude  by  two  altitudes  of  the  sun  ; 
and  also  in  other  astronomical  calculations,  as  will  be  shown  hereafter. 
The  Table  is  extended  to  every  fifth  second  of  time  under  6  hours,  with 
proportional  parts,  adapted  to  the  intermediate  seconds,  in  the  right-hand 
margin  of  each  page ;  by  means  of  which,  the  logarithmic  half-elapsed 
time  answering  to  any  given  period,  and  coi^versely,  may  be  readily  ob- 
tained at  sight. 

As  the  size  of  the  page  would  not  admit  of  the  indices  being  prefixed  to 
the  logs,  except  in  the  first  column,  under  Of,  therefore  where  the  indices 
change  in  the  other  columns,  a  bar  is  placed  over  the  9,  or  left-hand  figure 
of  the  log.,  as  thus,  9,  to  catch  the  eye,  and  to  indicate  that  from  thence, 
dirough  the  rest  of  the  line,  the  index  is  to  be  taken  from  the  next  lower 
line  in  the  first  column,  or  that  marked  0!  at  top  and  bottom.  It  is  to 
be  observed,  however,  that  the  indices  are  only  susceptible  of  change  when 
the  half-elapsed  time  is  under  23  minutes. 


•  « 


■  ■ 
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The  logarithmic  half-elapsed  time  corresponding  to  any  given  period,  is 
to  be  taken  out  by  entering  the  Table  with  the  hours  and  fifths  of  seconds 
at  the  top,  or  next  less  fifth  if  there  be  any  odd  seconds,  and  the  minutes 
in  the  left-hand  column ;  in  the  angle  of  meeting  will  be  found  a  number, 
which  being  diminished  by  the  proportional  part  answering  to  the  odd  se* 
conds^  in  the  right  hand  margin,  will  give  the  required  logarithm* 

Example. 

Required  the  logarithmic  half-elapsed  time  answering  to  2t47*28!  ?  * 
2^7*^25*  answering  to  which  is     .     .    •     .    •0.17572 
Odd  seconds      •    .    3.  pro.  part  answering  to  which  is    •    •  —       11 


Given  time  =:  2M7"28!  corresponding  log.  hf.-elapsed  time  •    0. 17561 

In  the  converse  of  this,  that  is,  in  finding  the  time  corresponding  to  t 
given  log. ; — if  the  given  log.  can  be  exactly  found,  the  corresponding 
hours,  minutes,  and  seconds,  will  be  the  time  required : — ^but  if  it  cannot 
be  exactly  found  (which  in  general  will  be  the  case),  take  out  die  hours, 
minutes,  and  seconds  answering  to  the  next  greater  log. ;  the  difference 
between  which,  and  that  given,  being  found  in  the  column  of  proportional 
parts,  abreast  of  where  the  next  greater  log.  was  found,  or  nearly  so,  wjU 
give  a  certain  number  of  seconds,  which  being  added  to  the  hours,  minutes 
and  seconds,  found  as  above,  will  give  the  required  time* 

Example. 

Required  the  time  corresponding  to  the  logarithmic  half-elapsed  time 
0. 14964  ? 

Sbfoi/um.— The  next  greater  log.  is  0. 14973,  corresponding  to  which  is 
3*0?25'  ;  the  difference  between  this  log.  and  that  given  is  9  ;  answering 
to  which  in  the  column  of  proportional  parts  is  3  seconds,  which  being 
added  to  the  above  found  time  gives  3*0T28'.  for  that  required. 

Remark. — ^The  numbers  in  this  Table  are  expressed  by  the  logarithmic 
co-secants  adapted  to  given  intervals  of  time,  the  index  being  diminished 
by  radius,  as  thus  : 

Let  the  half-elapsed  tim^  be  3*20T45'.  ;  to  compute  the  corresponding 
logarithm. 

Given  time  =  3*20T45!  in  degrees  =  50?ll'  15^  ;  log.  co-secant  less 
radius  =  0. 1 14557 ;  which,  therefore,  is  the  required  log. ;  and  since  it  is 
not  necessary  that  this  number  should  be  extended  beyond  five  decimal 
places,  the  sixth,  or  right  hand  figure,  may  be  struck  off;  observing, 
however,  to  increase  the  fifth  figure  by  unity  or  1,  when  the  right  hand 
figure,  so  struck  off,  amounts  to  5  or  upwards : — hence,  the  tabular  number 
corresponding  to  3!20?45 !  is  0. 1 1456  ;  and  so  of  others. 
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Tablb  XXXI. 
Logarithmic  Middle  7tme« 

This  Table  is,  also,  useful  in  finding  the  latitude  by  two  altitudes  of  the 
sun ;  for  which  purpose  it  is  extended  to  every  fifth  second  under  6  hours, 
with  proportional  parts  for  the  intermediate  seconds,  in  the  right-hand 
margin  of  each  page ;  by  means  of  which  the  logarithmic  middle  time  an- 
swering to  any  given  period,  and  conversely,  may  be  readily  taken  out  at 
sight. 

As  the  indices  are  only  prefixed  to  the  logs,  in  the  first  column,  there- 
fore where  those  change  in  the  other  columns  a  bar  is  placed  over  the  cy- 
pher, as  thus,  0,  to  catch  the  eye,  and  to  indicate  that  from  thence  through 
the  rest  of  the  line,  the  index  is  to  be  taken  from  the  next  lower  line^  in 
the  first  column. 

The  logarithmic  middle  time  answering  to  any  given  period  is  to  be 
taken  out  by  entering  the  Table  with  the  hours  and  fifths  of  seconds  at  th* 
top,  or  the  next  lessJifih  second  (when  there  are  any  odd  seconds,  as  there 
generally  will  be),  and  the  minutes  in  the  left-hand  column ;  in  the  angle  of 
meeting  will  be  found  a  number,  which  being  augmented  by  the  propor- 
tional part  answering  to  the  odd  seconds,  in  the  compartment  abreast  of  the 
angle  of  meeting,  will  give  the  log.  required. 

Example. 

Required  the  logarithmic  middle  time  answering  to  •  3!  17*23f  ? 

3M7T20!  answering  to  which  is 6. 18099 

Odd  seconds      •     .3.  pro.  part  answering  to  which  is       •    •  +         8 

Given  time  =  3!  17"23!  corresponding  log.  middle  time    .     .  6. 18107 

The  time  corresponding  to  a  given  logarithmical  number,  is  found  by 
taking  out  the  hours,  minutes,  and  seconds,  answering  to  the  next  less  ta- 
bular number ;  the  difference  between  which  and  that  given,  being  found  in 
the  compartment  of  proportional  parts,  abreast  of  tlie  saidne^^  less  tabular 
number,  vriil  give  a  certain  number  of  seconds,  which  being  added  to  the 
hours,  minutes,  and  seconds  found  as  above,  will  be  the  time  required. 

Example. 

Required  the  time  corresponding  to  the  log.  middle  time,      6*  01767  } 

Solution.— -Hie  next  less  tabular  log.  is  6. 01757,  answering  to  which  is 
2t5T30! ;  the  difference  between  this  log.  and  that  given  is  10,  answering 
to  which  in  the  column  of  proportional  parts  is  2  seconds,  which  being 
Added  to  the  time  found,  as  Above,  gives  2^5732!,  for  that  required, 


IMMOAIFTION  AND  UIB  OF  TBI  TABUtt*  $J 

JZemorfc.— The  logarithmic  middle  time  may  be  readily  computed  by  the 
following  rule ;   viz  :— 

To  the  logarithmic  sine  of  the  given  time  expressed  in  degrees,  add  the 
constant  log.  6. 301030,  and  the  sum,  abating  10  in  the  index,  will  be  the 
required  logarithm. 

Example. 

Let  the  middle  time  be  4M0T25!,  required  the  corresponding  log.  ? 

Given  time  =  4t  10r25 '.,  in  degs.  =:  62?36^  15r  log.  sine  ==  9. 948339 

Constant  log •    s  6.301030 


Logarithmic  middle  time,  as  required  •;••••=:  6. 249369 } 
and  since  it  is  not  necessary  that  this  log.  should  be  extended  beyond  five 
places  of  decimals,  the  sixth,  or  right-hand  figure  may,  therefore,  be  struck 
off;  observing,  however,  to  increase  the  fifth  figure  by  unity  or  1,  when  the 
right-hand  figure,  so  struck  off,  amounts  to  5  or  upwards ;  hence  the  tabu- 
lar number  corresponding  to  4*  10T25 !,  is  6. 24937,  and  so  on. 


Table  XXXII. 

Logarithmic  Rising. 

This  Table,  with  the  two  preceding,  is  particularly  useful  in  finding  the 
latitude  by  two  altitudes  of  the  sun;  it  is  also  of  considerable  use  in  many 
other  astronomical  calculations,  such  as  in  computing  the  apparent  time 
from  the  altitude  of  a  celestial  object;  determining  the  altitude  of  a  celes- 
tial object  from  the  apparent  time,  &c.  &c.— The  arrangement  of  the  pre- 
sent Table  is  so  very  uniform  with  the  preceding,  that  it  is  not  deemed 
necessary  to  enter  into  its  description  any  farther  than  by  observing  that 
the  indices  are  only  prefixed  to  the  logs,  in  the  first  column  : — that  where 
those  change  in  the  other  columns,  large  dots  are  introduced  instead  of  O's 
to  catch  the  eye,  for  the  purpose  of  indicating  that  from  thence  through 
the  rest  of  the  line,  the  index  is  to  be  taken  from  the  next  lower  line  in  the 
first  column  ;  and  that,  in  the  general  use  of  the  Table,  these  dots  are  to 
be  accounted  as  cyphers. 
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Example. 

Required  the  logarithmic  rising  answering  to  1M3T27'  ? 

1M3T25'^  answering  to  which  is    •    .    •    •    .5.00040 
Odd  seconds    •    •  2,  pro.  part  answering  to  which  is    •    •  28 


Given  time  =  1U3?27 '9  corresponding  logarithmic  rising        5.00068 

The  converse  of  this,  that  is,  finding  the  time  corresponding  to  a  given 
log.  will  appear  obvious ;  thus, 

Let  the  given  logarithmic  rising  be  5. 69088,  to  find  the  corresponding 
time. 

The  next  less  tabular  log.  is  5. 69071,  answering  to  which  is  3*57"30' ; 
the  difference  between  this  log.  and  that  given  is  17,  answering  to  which 
in  the  column  of  proportional  parts,  abreast  of  the  tabular  log.,  is  3  se- 
conds; now,  this  being  added  to  the  time  found,  as  above,  gives  3*57*33' ; 
ivhich,  therefore,  is  the  time  corresponding  to  the  given  logarithmic 
rising. 

Note.— The  numbers  in  this  Tabic  were  computed  by  the  following 

rule,  viz : — 

To  twice  the  logarithmic  sine  of  half  the  meridian  distance,  in  degrees, 
add  the  constant  log.  6. 301030,  and  the  sum,  rejecting  20  from  the  index, 
will  be  the  logarithmic  rising. 

Example. 

Required  the  logarithmic  rising  answering  to  4*  10*45'.  ? 
Given  meridian  distance  =  4*  10T45 !, in  degrees  =  62?4in5f 


Half  the  meridian  distance,  in  degrees  •    •    •    •  =  31 .  20. 37^,  twice  the 

logarithmic  sine 19.432293 

Constant  log.  •    • 6.301030 


Logarithmic  rising  answering  to  the  given  meridian  distance  =  5. 733323 

The  numbers  in  the  present  Table  may  be  also  computed  by  means  of  the 
natural  versed  sines  contained  in  Table  XXVII.,  as  thus  ; 

Reduce  the  meridian  distance  to  degrees,  and  find  the  natural  versed 
sine  corresponding  thereto ;  the  common  log.  of  which  will  be  the  loga- 
rithmic rising. 
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Example. 

Required  the  logarithmic  rising  answering  to  4*22?30' ,  or  65?37'30r  ? 
Meridian  distance  in  degrees  =  65?37'-30'',  natural  versed  sine  =  587293, 
log.  =  5.768855;  which,  therefore,  is  the  logarithmic  rising  answering 
to  the  given  meridian  distance. 

In  this  method  of  computing  the  logarithmic  rising,  the  natural  versed 
sine  is  to  be  conceived  as  being  multiplied  by  1000000,  the  radius  of  thQ 
Table^  and  thus  reduced  to  a  whole  number. 


Table  XXXIII. 

To  reduce  Points  of  the  Compass  to  Degrees,  and  conoersehf. 

This  Table  is  divided  into  six  columns ;  the  two  first  and  two  last  of 
vrhich  contain  the  names  of  the  several  points  and  quarter  points  of  the 
compass  j  the  third  column  contains  the  corresponding  number  of  points 
and  quarter  points  reckoned  from  the  meridian ;  and  the  fourth  column  the 
degrees  and  parts  of  a  degree  answering  thereto.— The  manner  of  using 
this  Table  is  obvious  ;  and  so  is  the  method  by  which  it  was  computed  :->« 
for  since  the  whole  compass  card  is  divided  into  32  points,  and  the  whole 
circle  into  360  degrees ;  it  is  evident  that  any  given  number  of  points  will 
be  to  their  corresponding  degrees  in  the  ratio  of  32  to  360;  and  vice  versa, 
that  any  given  number  of  degrees  will  be  to  their  corresponding  joints  as 
360  is  to  32  : — Hence,  to  find  the  degrees  corresponding  to  one  point.— 
As32r  :  360?  ::  If  :  11?15';  so  that  one  point  contains  11  degrees  and 
15  minutes  ; — two  points,  22  degrees  SO  minutes,  &c«  &c. 


Tablb  XXXIV. 

Logarithmic  Sines,  Tangents,  ami  Secants,  to  every  Point  and  Quarter 

Point  of  the  Compass. 

In  this  Table  the  points  and  quarter  points  are  contained  in  the  left  and 
right  hand  marginal  columns,  and  the  log.  sines,  tangents,  and  secants, 
corresponding  thereto,  in  the  intermediate  columns. 

If  the  course  be  given  in  points,  it  will  be  found  more  convenient  to  take 
the  log.  sine,  tangent,  or  secant  of  it  from  this  Table,  than  to  reduce  those 
points  to  degrees,  and  then  find  the  corresponding  log.  sine,  &c.  &c.  in 
either  of  the  following  Tables, — ^^fhe  manner  of  using  this  Table  must 
appear  obvious  at  first  sight. 
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Table  XXXV. 

Logarithmic  Secants, 

In  the  first  10  degrees  of  this  Table,  the  logarithmic  secants  are  given  to 
every  tenth  second,  with  proportional  parts,  answering  to  the  intermediate 
seconds,  in  the  right  hand  marginal  column. — ^Thence  to  88  degrees,  the 
log.  secants  are  given  to  every  J{fth  second,  with  proportional  parts,  adapted 
to  the  intermediate  seconds,  in  the  right  hand  column  of  each  page  : — and 
because  the  numbers  increase  rapidly  between  80  and  88  degrees,  produc- 
ing very  considerable  differences  between  any  two  adjacent  logs. ;  there- 
fore betwixt  those  limits,  there  are  two  pages  allotted  to  a  degree  ;  every 
page  being  divided  into  two  parts  of  15  minutes  each,  so  that  no  portion 
whatever  of  the  proportional  parts  might  be  lost,  and  that  the  whole  might 
have  room  to  be  fully  inserted. — In  the  two  last  degrees,  viz.  from  88  to 
90,  the  log.  secants  are  given  to  every  second. — ^The  Table  is  so  arranged 
as  to  be  extended  to  every  second  in  the  semicircle,  or  from  0  to  180  de- 
grees ;  as  thus :  the  arcs  corresponding  to  the  log.  secants  are  given  in 
regular  succession  at  top  from  0  to  90  degrees,  and  then  continued  at  bot- 
tom, reckoning  towards  the  left  hand,  from  90  to  180  degrees  : — the  arcs 
corresponding  to  the  co-secants  are  placed  at  the  bottom  of  the  Table,  in 
numerical  order,  from  the  right  hand  towards  the  left  (like  the  secants  in 
the  second  quadrant),  from  0  to  90  degrees,  and  then  continued  at  top, 
agreeably  to  the  order  of  the  secants  in  the  first  quadrant,  from  90  degrees 
to  the  end  of  the  semicircle. — lliis  mode  of  arrangement,  besides  doing 
away  with  the  necessity  of  finding  the  supplement  of  an  arch  when  it 
exceeds  90  degrees,  possesses  the  peculiar  advantage  of  enabling  the 
reader  to  take  out  the  log.  secant,  or  co- secant  of  any  arch  whatever,  and 
conversely,  at  sight,  as  will  appear  evident  by  the  following  problems. 

Note, — The  log.  co-secant  of  a  given  degree,  or  secant  of  a  degree  above 
90,  will  be  found  in  the  same  page  with  the  next  less  degree  in  the  first 
column  under  0^  at  top,  it  being  the  first  number  in  that  column ;  and  the 
log.  co-secant  of  a  given  degree  and  minute,  or  secant  of  a  degree  and 
ihinute  above  90,  will  be  found  on  the  same  line  with  the  next  less  minute 
in  the  column  marked  60'/  at  bottom  of  the  Table. 
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Problem  I. 

To  find  the  LogarUhmic  Secanty  and  Cosecant  of  any  given  Arch, 

expressed  in  Degrees,  Minutes,  and  Seconds. 

Rule. 

If  the  given  arch  be  comprised  within  the  limits  of  the  two  last  degrees 
of  the  first  quadrant,  that  is,  between  88  and  90  degrees,  the  Table  will 
directly  exhibit  its  corresponding  log.  secant  or  co-secant ; — ^but  when  it 
falls  without  those  limits,  then  find  the  log.  secant,  or  co-secant,  in  the 
angle  of  meeting  made  by  the  given  degree  and  next  less  fifth  or  tenth 
second  at  top^  atid  the  minutes  in  the  left  hand  column ;  to  whieh^  add 
the  propolrtioiial  part  corresponding  to  the  odd  seconds  from  the  right  hand 
colmnn  abreast  of  the  angle  of  meeting,  if  a  secant  be  wanted,  or  a  ciHrv- 
coal  dbovc  90  degrees  ;  but  subtract  that  part  when  a  co-secant  is  requiM, 
or  a  secant  above  90  degrees  ;  and  the  sum,  or  difference,  will  be  the  log. 
secant  or  co- secant  answering  to  the  given  arch. 

Example  U 

Required  the  logarithmic  secant,    and    co-secant|  corresponding   to 
23?14:23r? 

To  find  the  Log.  Secant  :— 

23?14C20?,ans.towhichis  .    .    .     10.036747 
Odd  seconds  3     propor.  part  to  which  is  +  3 


Given  arch  ==  23  ?  1 4  C  23  r  Corres.  logr  secant  =  10. 036750 

To  find  the  Log.  Co-secant  :— 

23?  14^  20^',  ans.  to  which  is      •    .  10. 403881 

Odd  seconds                  3    propor.  part  to  which  is  ^             15 


riMB*MBii«ta 


Given  arch  =  23?  14  C  23  ?  Corres.  log.  co-secant  ==  10.403866 

Example  2. 
Required  the  log.  secant,  and  co-secant,  corresponding  to  1  IS^SSM?!"  ? 


S2  DESCRIPTION  AND  USB  OF  THE  TABLES. 

To  find  the  Log,  Secant  :— 

113?23'.45^ans.towhichis     .    .     10.401121 
Qdd  seconds  2    propor.  part  to  which  is   —  10 

Given  arch  =  1 13?23'.47^*  Corres.  log.  secant  =      10. 401 1 1 1 

To  find  the  Jjog,  Co-secant  :— 

113923M5f,an8.  towhichis     .    .     10.037260 
.   Odd  seconds  2    propor.  part  to  which  is  +  2 

Given  arch  r:  113?23M7^  Corres.log.  co-secant  =10. 037262 

Vote* — In  that  part  of  the  Table  which  lies  between  10  and  80  degrees, 
the  size  of  the  page  would  not  admit  of  the  indices  being  prefixed  to  any 
other  logs,  than  those  contained  in  the  first  column  of  each  page ;  nor,  in- 
.deed,  is  it  necessary  that  they  should  be,  since  they  are  uniformly  the  same 
as  those  contained  in  the  said  first  column ;  viz.,  10  for  each  log.  secant  or 
co-secant. 


Problem  II. 

To  j?«d  the  Arch  corresponding  to  a  given  Logarithmic  Secant  or 

Cosecant, 

Rule. 

If  fhe  given  log.  secant,  or  co-secant,  exceeds  the  secant  of  88  degrees, 
viz.,  1 1. 457181,  its  corresponding  arch  will  be  found  at  first  sight  in  the 
Table  \  but  if  it  be  under  tliat  number,  find  the  arch  answering  to  the  next 
less  secant,  or  next  greater  co-secant;  the  difference  between  which  and 
that  given,  being  found  in  the  column  of  proportional  parts,  abreast  of  the 
tabular  log.,,  will  give  a  certain  number  of  seconds,  which,  being  added  to 
the  above-found  arch,  will  give  that  required. 

Example  \. 
Required  the  arch  corresponding  to  the  given  log.  secant  10. 235421  ? 

Solution. — The  n^x^  Ie5«  secant,  in  the  Table,  is  10.235412,  corre- 
sponding to  which  is  54?  26^  25  V  ;  the  difference  between  this  log.  secant, 
and  that  given,  is  9 ;  answering  to  which,  in  the  column  of  proportional 
jparts  abreast  of  the  tabular  log.,  is  3V ;  which,  being  adde({  to  the. above- 
found  arch,  gives  54?26U8r  for  that  required. 


DB8CRIPTI0N   AND   USB   OF  THB  TABLBS.  93 

Example  2. 
Required  the  arch  corresponding  to  the  given  log.  co-secant  10. 5621 14  ? 

Solution. — The  next  greater  co-secant,  in  the  Table,  is  10.662129, 
corresponding  to  which  is  15?45C25?;  the  difference  between  this  log. 
co-secant  and  that  given,  is  15 ;  answering  to  which,  in  the  column  of 
proportional  parts  abreast  of  the  tabular  log.,  is  2'' ;  which,  being  added 
to  the  above-found  arch,  gives  15?45^27.  for  that  required. 

Remark. — ^The  log.  secant  of  any  arch  is  expressed  by  the  difference 
between  twice  the  radius  and  the  log.  co-sine  of  that  arch ;  and  the  co- 
secant of  an  arch,  by  the  difference  between  twice  the  radius  and  the  log* 
sine  of  such  arch.  Hence,  to  find  the  log.  secant  of  50*^40^. —The  log. 
co-sine  of  50?40'  is  9. 8019/4,  which,  being  taken  from  twice  the  radius, 
viz.,  20.000000,  leaves  10. 198026  for  the  log.  secant;  from  this,  the 
manner  of  computing  the  co -secant  will  be  obvious. 


Table  XXXVI. 

Logarithmic  Sines, 

Of  all  the  Logarithmic  Tables  in  this  work,  this  is,  by  far,  the  most 
generally  useful,  particularly  in  the  sciences  of  Navigation  and  Nautical 
Astronomy  ;  and,  therefore,  much  pains  have  been  taken  in  reducing  it  to 
that  state  of  simplicity  which  appears  to  be  best  adapted  to  its  direct 
application  to  the  many  other  purposes  for  which  it  is  intended,  besides 
those  above-mentioned. 

In  this  Table,  the  log.  sines  of  the  two  first  degrees  of  the  quadrant  are 
given  to  every  second.  The  next  eight  degrees,  viz.,  from  2  to  10,  have 
their  corresponding  log.  sines  to  every  fifth  second,  with  proportional  parts 
answering  to  the  intermediate  seconds  in  the  adjacent  right-hand  column ; 
and  because  the  log.  sines  increase  rapidly  in  those  degrees,  two  pages  are 
allotted  to  a  degree ;  every  page  being  divided  into  two  parts,  and  each 
part  containing  15  minutes  of  a  degree  :  so  that  no  portion  whatever  of 
the  proportional  parts  might  be  lost,  and  that  the  whole  might  have  room 
to  be  fully  inserted.  In  the  following  seventy  degrees,  that  is,  from  10  to 
80,  the  log.  sines  are  also  given  to  every  fifth  second,  with  proportional 
parts  corresponding  to  the  intermediate  seconds  in  the  right-hand  column 
of  each  page.  In  this  part  of  the  Table,  each  page  contains  a  degree ; 
and,  for  want  of  sufficient  room,  the  indices  are  only  prefixed  to  the  logs* 
expressed  in  the  first  column. 
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From  80  to  90  degrees,  the  log.  sines  are  only  given  to  every  tenth 
second,  because  of  the  small  increments  by  which  the  sines  increase 
towards  the  end  of  the  first  quadrant;  the  proportional  parts  for  the  inter- 
mediate seconds  are  given  in  the  right-hand  column  of  each  page,  as  in 
the  preceding  part  of  the  Table. 

llie  Table  19  so  arranged,  as  to  be  extended  to  every  second  in  the 
semicircle,  or  from  0  to  180  degrees  ;  as  thus  :  the  arcs  corresponding  to 
the  log.  sines  are  given  in  regular  succession  at '  top,  from  0  to  90  degrees, 
and  then  continued,  at  bottom,  reckoning  towards  the  left  hand,  from  90 
to  180  degrees.  The  arcs  corresponding  to  the  co-sines  are  given  at  bot- 
tom of  the  Table,  and  ranged  in  numerical  order  towards  the  left  hand, 
from  0  to  90  degrees,  (according  to  the  order  of  the  sines  between  90  and 
180  degrees,)  and  then  continued  at  top,  from  90  degrees  to  the  end  of  the 
,  siemicircle,  agreeably  to  the  order  of  the  sines  in  the  first  quadrant.  This 
mode  of  arrangement  does  away  with  the  necessity  of  finding  the  supple- 
ment of  an  arch  when  it  exceeds  90  degrees,  and  possesses  the  peculiar 
advantage  of  enabling  the  navigator  to  take  out  the  log.  sine  or  co-sine  of 
any  arch,  and  conversely,  at  sight,  as  will  appear  obvious  by  the  following 
Problems. 

Note, — The  log.  co-sine  of  a  given  degree  is  found  in  the  same  page  with 
the  next  less  degree  in  the  column  marked  0^  at  top,  it  being  the  first 
number  in  that  column  ;  and  the  co-sine  of  a  given  degree  and  minute  is 
found  on  the  same  line  with  the  next  less  minute  in  the  column  marked 
Qdt  at  bottom  of  the  page. 


Problem  I. 

To  find  the  Logarithmic  Sine,  and  Co-sine  of  any  given  Arch,  expressed 

in  Degrees,  Minutes,  and  Seconds, 

Rule. 

If  the  given  arch  be  comprised  within  the  limits  of  the  two  first  degrees 
of  the  quadrant,  the  Table  will  directly  exhibit  its  corresponding  log.  sine 
or  co-sme ;  but  when  it  exceeds  those  limits,  then  find  the  log.  sine,  or  co- 
ttiie,  in  the  angle  of  meeting  made  by  the  given  degree  and  next  less  fifth 
or  tenth  second  at  top,  and  the  minutes  in  the  left-hand  column ;  to  which 
add  the  proportional  part  corresponding  to  the  odd  seconds  in  the  right* 
hand  column  abreast  of  the  angle  of  meeting,  if  a  sine  be  wanted,  or  a 
OhiiM  above  90  degrees ;  but  subtract  that  part  when  a  co-sine  is  required, 
ar  «  Me  above  90  degrees:  and  the  sum,  or  difference,  will  be- the  log. 
line,  or  co-sine,  answering  to  the  given  arch. 


DSfCUPnON  AJID  USB  OF  lUB  TABUt.  9& 

Example  1 . 

Required  the  log.  8in%  and  co«»sinej  corresponding  to  23?  14' 23?  ? 

To  find  the  Log.  Sine  :— 

23?14C20r,  ans.  to  which  is   .    .    .    9.596119 
Odd  seconds  3     propor,  part  to  which  is  +  15 


Given  arch  =  23?14^23r  Corresponding  log.  sine  9.596134 

To  find  the  Log,  Co- sine  :— 

23?14^20r,ans.  towhichis   .    .    .  9.968258 

Odd  seconds                  3     propor.  part  to  which  is  ^^            8 


Giren  arch  =  23?  14 ^  23r  Corresponding  log.  cocaine  9. 963250 

Example  2. 

Required  the  log.  sine^  and  co-sine^  corresponding  to  113?2d*47?  ^ 

To  find  the  Log.  Sine :— - 

113?23U5r,ans.  towhichis      .    .    9.962740 
Odd  seconds  2    propor.  part  to  which  is  —  2 

Given  arch  =  113?23M7'/  Corresponding  log.  sine  9.962738 

To  find  the  Log.  Co-sine  i««" 

1 13  ?  231 45  r,  ans.  to  which  is     .    .    9.598879 
Odd  seconds  2     propor.  part  to  which  is  -f         10 

Given  arch  =     1 13?23U7?  Corresponding  log.  co-s.  9. 598889 


■•"•r^*'"-"^"""!^"^^"*'^'"?*'^.**^"*"***^^"'" 


Problem  II. 
To^d  the  Arch  corresponding  to  a  given  Logarithmic  Sine,  or  Qh9me. 

Rule. 

If  the  given  log.  sine,  or  co-sine,  be  less  than  the  sine  of  2  degrees,  viz., 
8. 542819,  its  corresponding  arch  will  be  found  at  first  sight  in  the  Table ; 
but  if  it  exceeds  that  number,  find  the  arch  answering  to  the  next  less  sine, 
or  next  greater  co-sine ;  the  difference  between  which  and  that  given,  being 
found  in  the  column  of  proportional  parts  abreast  of  the  tabular  log.,  will 
give  a  certain  number  of  seconds,  which,  being  added  to  the  above-found 
arcb^  will  ^ve  that  required. 
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fl 

Note. — Since  the  arcs  corresponding  to  the  sines  between  90  and  180 
degrees  are  found  at  the  bottom  of  the  Table,  and  those  corresponding  to 
the  co-stnes  between  the  same  limits  at  its  top ;  if,  therefore,  it  be  required 
to  find  the  arch  above  90  degrees  answering  to  a  given  log.  sine,  or  co-sine, 
the  first  term  is  to  be  taken  out  as  if  it  were  a  co-sine  tmder  90  degrees^  and 
the  other  term  as  if  it  were  -a  nne  under  90  degrees. 

Example  I. 

Required  the  arch  corresponding  to  the  given  log.  sine  9. 437886  ? 

Soliilion.— The  next  less  log.  sine  in  the  Table  is  9. 437871,  correspond- 
ing to  which  is  15?54'25? ;  the  difference  between  this  and  that  given,  is 
15 ;  answering  to  which,  in  the  column  of  proportional  parts,  abreast  of 
the  tabular  log.,  is  2';  which,  being  added  to  the  above-found  arch,  gives 
15?54^27?  for  that  required. 

Example  2. 

Reqmred  the  arch  corresponding  to  the  given  log.  co->8ine  9. 764579  ? 

Sb&itioii.— The  next  greater  co-sine  in  the  Table  is  9. 764588,  corre- 
sponding to  which  is  54? 26^25^;  the  difference  between  this  and  that 
given,  is  9;  answering  to  which,  in  the  column  of  proportional  parts, 
abreast  of  the  tabular  log.,  is  31;  which,  being  added  to  the  above-found 
arch,  gives  54?26:28r  for  that  required. 

JRemorL-^Tlie  log.  sines  are  deduced  directly  from  the  natural  sines ;  as 
thus: — 

Multiply  the  natural  sine  by  10000000000;  find  the  common  log.  of 
the  product,  and  it  will  be  the  log.  sine. 

Example  1. 

Required  the  log.  sine  of  39?30'  ? 

Sofai«OM.— The  natural  sine  of  39?30:  is  .  636078,  which,  being  multi- 
plied by  10000000000,  gives  6360780000.000000,  the  common  log.  of 
which  is  9. 8035 1 1 ;  which,  therefore,  is  the  log.  sine  of  39  degrees  and  30 
minutes,  as  required. 

Example  2. 

Required  the  log.  co-sine  of  68  degrees  ? 

&/u<ioii.— The  natural  co-sine  of  68  degrees  is  .  374607,  which,  being 
multiplied  by  10000000000,  gives  3746070000. 000000,  the  common  log. 
of  which  is  9. 573575 }  which,  therefore,  is  the  log.  co-sine  of  68  degrees,^ 

required. 
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Tablb  XXXVII. 

IjogarUhndc  TangenU» 

lliis  Table  is  arranged  in  a  manner  so  very  nearly  similar  to  that  of  the 
log.  aines^  that  it  is  not  deemed  necessary  to  enter  into  its  description  any 
fiirther  than  by  observing,  that  it  is  computed  to  every  second  in  the  two 
first  and  two  last  degrees  of  the  quadrant,  or  semicircle,  and  to  every  fifth 
second  in  the  intermediate  degrees.  The  log.  tangent,  or  co- tangent,  of  a 
gpven  arch,  and  conversely,  is  to  be  found  by  the  rules  for  the  log.  sines  in 
pages  94  and  95. 

Example  1. 
Required  the  log.  tangent,  and  co-tangent,  corresponding  to  31?10M7?? 

To  find  the  Log.  Tangent :— - 

3H10M5r,ans.towhichis    .    .    .    9.781845 
Odd  seconds  2     propor.  part  to  which  is  +  10 


Given  arch  =:  31?10M7^  Corresponding  log.  tang.s9. 781855 

To  find  the  Log.  Co-tangent  :— 

31?10:45r,an8.  towhichis      .    .     10.218155 
Odd  seconds  2    propor.  part  to  which  is  —  10 


Given  arch  =  31?10:47^  Corres.  log.  co-tang.  =    10.218145 

Example  2. 
Required  the  log.  tangent,  and  co-tangent,  corresponding  tol39?  1 K53^? 

To  find  the  Log.  Tangent : — 

139?ll'50r,an8.towhichi8      .    .    9.936142 
Odd  seconds  3     propor.  part  to  which  is   —  13 


Given  arch  =:  139?  11^53?  Corres.  log.  tang.  =    •    9.936129 

To  find  the  Log.  Co-tangent  :-— 

139?li:50r,ans.  towhichis    •    .     10.063858 
Odd  seconds  3     propor.  part  to  which  is  +  13 

Given  arch  =:  139?llC53f  Corres.  log,  co-tang.  =:  10.063871 

H 
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JExample  3. 

Required  the  arch  corresponding  to  the  given  log.  tang,  10. 155436  ? 

^Zufion,— Th9  next  less  log.  tangent  in  the  Table  is  10. 155423,  corre- 
spondinjj;  to  which  is  55?2^25^;  the  difference  between  this  log.  tangent 
tiii  tW  given^  is  13  j  answering  to  which,  in  the  column  of  proportional 
parts  abreast  of  the  tabular  log.^  is  3?  j  which^  being  added  to  the  above- 
fpund  firchj  ^ves  55?9^28?  for  that  requited. 

Example  4. 
Required  fhe  arch  corresponding  to  the  given  log.  co-tang.  9. 792048  ? 

SqJution. — ^The  next  greater  log.  co-tangent  in  the  Table  is  9. 792057, 
corresponding  to  which  is  58?  IS!  15f ;  the  diflerence  between  this  log.  co- 
tangent and  that  given,  is  9  ]  answering  to  which,  in  the  column  of  propor- 
tional parts  abreast  of  the  tabular  log.,  is  2^;  which^  being  added  to  the 
above4bimd  ai€h^«;ives  58?  13;  17  •  for  that  required. 

Remark. 

The  arch  Corresponding  to  a  given  log,  tangent  may  be  foutid  by  means 
of  a  Table  of  log.  8ine9,  in  the  following  manner ;  viz.> 

Find  the  natural  number  corresponding  to  twice  the  given  log.  tangent, 
rejecting  the  index,  to  which  add  the  radius,  and  And  the  common  log.  of 
the  sum ;  now,  h&lf  this  log.  will  be  the  log«  secant,  less  radius,  of  the 
required  arch ;  and  which,  being  subtracted  A>om  the  given  log.  tangent, 
will  leiave  the  log.  sine  corresponding  to  that  arch. 

Example. 

Let  thegmn  log*  tangent  be  10. 0$4153;  required  the  arch  correspond- 
ing thereto  by  a  table  of  log.  sines  ? 

Given  log,  tang. .  084153  x  2  =  .  168306,  Nat  num.  =  1. 473349 

to  which  addthe  radius  2=  1. 000000 

Sum  = 2. 473349,      the 

common  log.  of  which  is  0. 3932B6  j  tlie  half  of  this  is    0. 196648^      the 

secant,  less  radius  of  the  required  arch. 
Given  log.  tangent  =  ...........  10.084153 


Corresponding  log.  sine  =:    ^ •    .    9,887510, 

answering  to  which  is  50?31!  j  and  which,  therefore,  is  the 
i«quiyed  urch  corrfi^poodiDg  to  the  givep  log.  tangent. 
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The  arch  correspondmg  to  a  given  log*  tangent  may  also  be  found  in  the 
following  manner^  which,  it  is  presumed^  will  prove  both  interesting 
and  instructive  to  the  student  in  this  department  of  science. 

Find  the  natural  tangent,  that  is,  the  natural  iitimbet  ccAfespdlidiiig  to 
the  given  log.  tangent,  to  the  square  of  which  add  the  square  of  the  radius ; 
extract  the  squlire  root  of  the  sum,  and  it  Will  be  the  natur&l  secatit  corre- 
sponding io  the  required  drch ;  theil,  s&y,  as  the  natural  ^ecaht,  thus  found, 
is  to  the  natural  tangent,  so  is  the  radius  to  the  natural  sine :  now,  the 
degrees,  ^c.  answering  to  this  in  the  Table  of  Natural  S&ie^,  tntl  be  the 
arch  required,  or  that  corresponding  to  the  given  log.  tangent. 

Example. 

Let  the  given  log.  tangent  be  10. 084153 ;  it  is  required  to  find  the  arcli 
oorresponding  thereto  by  a  Table  of  Natural  Sines  ? 

SobtHan. — Given  log.  tatigefit  =  .084133;  the  natnrd  ntMiber  cdrrlf- 
sponcimg  to  this  is  1.213816;  which,  therefore,  is  the  naturd  tafigent 
answering  to  the  given  log.  tangent. 

In  the  annexed  diagram,  let  B  C  represent  the 
natural  tangent  =  1.2l38l6,  and  AB  the  radius  F- 
=  1. 000000.  Now,  since  the  base  and  perpendi- 
cular of  the  right-angled  triangle  A  B  C  are 
known,  the  hypothenuse  or  secant  AC  may  be 
determined  by  Euclid,  Book  I.,  Prop.  47.    Hence 

v'BC^zr  1.213816*   +  AB»=    1.000000«  = 
A  C  =:  1 .  572689,  the  natural  secant  corresponding     \  ^  ^ 

to  the  given  log.  tangent.  Having  thus  found  the  natural  secant  A  C,  the 
natorat  sine  D  B  may  be  found  agreeably  to  the  principles  of  similar  tri- 
angles, as  demonstrated  in  Euclid,  Book  VI.,  Prop.  4 ;  for,  as  the  natural 
secant  A  C  is  to  the  natural  tangent  B  C,  so  is  the  radius  AD  =  AB  to 
the  natural  sine  D  E  :  hence. 

As  AC  1.57268?:BC  1.213816  ::  AD  l.OOOOOO  :  DEf=  771810, 

the  corresponding  natural  sine ;  now,  the  arch  angering  to  this,  in  the 
Table  of  Natural  Sines,  is  50?31C  ;  which,  therefore,  is  the  arch  corre- 
^nding  to  the  given  log.  tangent,  as  required. 

Note. — The  Table  of  log.  tangents  may  be  very  fpadily  deduced  from 

Tables  XXXV.  and  XXXVL,  as  thus  :— To  the  log.  secant  of  any  given 

arch,  add  its  log.  sine;  and  the  sum,  abating  10  in  the  index,  will  be  the 

kig.  tangent  of  that  arch ;  the  difference  between  whieb  and  twice  the 

ndius,  will  be  its  co-tangent. 

h2 

\^«^<  -.',  >%  .»■  ' 
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Example. 

Required  the  log.  tangent,  and  co-tangent,  of  25?  27 -35  f  ? 

Log.  secant  of  the  given  arch  25  ?  27 '  35  r    z:     10. 044366 
Log.  sine  of  ditto 9.633344 


^■^■M 


Log.  tangent  corres.  to  the  given  arch  =     .      9.677710 


Log.  co-tangent  corres.  to  ditto      •    :    •    •     10.322290 

The  Table  of  log,  tangents  may  also  be  computed  in  the  following  man- 
ner ;  viz.. 

From  the  log.  sine  of  the  given  arch,  the  index  being  increased  by  10^ 
subtract  its  log.  co-sine,  and  the  remainder  will  be  the  log.  tangent  of  that 
arch;  the  difference  between  which  and  twice  the  radius,  will  be  its  log. 
co-tangent. 

Example. 

Required  the  log.  tangent,  and  co-tangent,  of  32?39U0^  ? 

Log.  sine  of  the  given  arch  32  ?39  UOr  =  .    .    9. 732 1 28 
Log.  co-sine  of  ditto 9. 925249 


Log.  tangent  corres.  to  the  given  arch  =     .    .    9.806879 


Log.  co-tangent  corresponding  to  ditto       •    .10.193121 


Tablb  XXXVIII. 

3b  reduce   the   Time  qf  the  Moon's  Passage  over  the  Meridian  of 
Greenvsich,  to  the  Time  of  her  Passage  over  any  other  Meridian. 

The  daily  retardation  of  the  moon's  passage  over  the  meridian,  given  at 
the  top  of  the  Table,  signifies  the  difference  between  two  successive  trans- 
its of  that  object  over  the  same  meridian,  diminished  by  24  hours ;  as  thus: 
the  moon's  passage  over  the  meridian  of  Greenwich,  July  22d,  1824,  is 
21^7",  and  that  on  the  following  day  22*  9T;  the  interval  of  time  between 
these  two  transits  is  25^2?,  in  which  interval  it  is  evident  that  the  moon  is 
1^2?  later  in  comfaig  to  the  meridian ;  and  which,  therefore,  is  the  daily 
retardation  of  her  passage  over  the  meridian. 
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This  Table  conta&is  the  proportional  part  corresponding  to  that  retard- 
ation and  any  given  interval  of  time  or  longitude ;  in  computing  which,  it  is 
easy  to  perceive  that  the  proportion  was. 

As  24  hours,  augmented  by  the  daily  retardation  of  the  moon's  transit 
over  the  meridian,  are  to  the  said  daily  retardation  of  transit,  so  is  any 
given  interval  of  time,  or  longitude,  to  the  corresponding  proportional  part 
of  such  retardation.  The  operation  was  performed  by  proportional  logs.^ 
as  in  the  following 

Example. 

Let  the  daily  retardation  of  the  moon's  transit  over  the  meridian  be  1  ^  2?; 
required  the  proportional  part  corresponding  thereto,  and  9*40?  of  time,  or 
145  d^rees  of  longitude  ? 

As  24  hours  +  1*2?  (daily  retard.)=  25*  2?  Ar.  comp,  pro.  teg.  9. 1432 
Is  to  daily  retardation  of  transit  =  .  1.  2  Propor.log.  •  •  0.4629 
So  is  given  interval  of  time  =  •    •    .    9.40   Propor.log.  •    •     1.2700 

To  corresponding  proportional  part  ==  23?57  •  =  Pro.  log.  :=  0. 8761; 
and  in  this  manner  were  all  the  numbers  in  the  Table  obtained. 

The  corrections  or  proportional  parts  contained  in  this  Table  are  ex- 
pressed in  minutes  and  seconds,  and  are  extended  to  every  twentieth 
minute  of  time,  or  fifth  degree  of  longitude  :  these  are  to  be  taken  out  and 
applied  to  the  time  of  the  moon's  transit,  as  given  in  the  Nautical  Almanac, 
in  the  following  manner  :*- 

Find,  in  page  VI.  of  the  month  in  the  Nautical  Almanac,  the  difference 
between  the  moon's  transit  on  the  given  day  (reckoned  astronomically) 
and  that  on  the  day  followmg,  if  the  longitude  be  west;  but  on  the  day 
preceding^  if  it  be  east*  With  this  difference  enter  the  Table  at  the  top, 
and  the  given  time  in  the  left-hand,  or  the  longitude  in  the  right-hand 
column ;  in  the  angle  of  meeting  will  be  found  a  correction,  which,  being 
applied  by  addition  to  the  time  of  transit  on  the  given  day,  if  the  longitude 
be  west,  but  by  subtraction,  if  east,  the  sum,  or  difference,  will  be  the 
reduced  time  of  transit. 

Example  1. 

Required  the  apparent  time  of  the  moon's  passage  over  a  meridian  80 
degrees  west  of  Greenwich^  Jul^  22d|  1 824  ? 
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Mn'spas.  overmer.ofGreenw.ongiv.dayisSlty?     •    •    •    21 1  7 
1^  Ditto  on  the  dajfollowing  zz  22. 9 

P  

ij  Retardation  of  moon's  transit  =r     •    •    •      l*2?;ans.towhich 

and8Qdeg8.ii-fl3 


■»^ 


Appareat  time  of  the  mpon'9  traqsit;  oyer  tbf^  gjveq  pierj^ian  =:  S^l  t  ^Q' 

Example  2. 

Required  the  apparent  time  of  the  moon's  passage  over  a  meridian 
degrees  east  of  Greenwich,  August  20th,  1824  ? 

Mn's  pas.  over  mer.ofGreenw.  on  giv.  day  is  20*54?    •    .    •    20^54' 
Ditto  on  the  day  preceding^  1 9. 54 


Retardation  of  the  moon's  transit  =:     •    •    1 1  0?;  ans.  to  which 

fu^d  120deg3.is  -rl9« 


App^e^t  time  of  the  moon's  transit  over  the  given  meridian  =  20^34 


♦  •      i  '.'.'.•••    '.       ."-*  *•.-•-■•      »■•  •  ■       '-  •   -ri^-f    t  iJi.— ir-^ 


Table  XXXIX. 

Correction  to  be  applied  to  the  Time  of  the  MoorCs  TtoimU  inJMm 

the  Time  of  High  Water. 

Since  the  moon  is  the  principal  agent  in  riuaiog  the  tid^  it  wig^ 
expected  that  the  time  of  high  water  would  take  placf^  «V^^  WWCSQ 
her  passage  over  the  meridian ;  but  observation  has  shown  that  th 
not  the  case^  and  that  the  tide  does  not  cease  flowing  for  soiQe^tiBie  ai 
for,  since  the  attractive  influence  of  the  moon  is  only  diminished,  and 
entirely  destroyed,  in  passing  the  meridian  of  any  place,  the  ascenifing 
pulse  previously  communicated  to  the  waters  at  that  place  must,  tberd 
continue  to  act  for  some  time  after  the  moon's  merklional  passage, 
ascending  impulse,  thus  imparted  to  the  waters,  ought  to  cause  the  tim 
the  highest  tide  to  be  about  80  minutes  after  the  moon's  passage  over 
meridian ;  but  owing  to  the  disturbing  force  of  the  sun,  the  actual  tim 
high  water  differs,  at  times,  very  considerably  from  that  period. 

The  effect  of  the  moon  in  raising  the  tides  exceeds  that  of  the  su 
the  ratio  of  about  2|  to  1 ;  but  this  effect  is  far  from  being  uniform : 
since  the  moon's  distance  from  the  earth  bears  a  very  sensible  propor 
to  the  diameter  of  this  planet,  and  since  she  is  constantly  changing  \ 
distance,  (being  sometimes  nearer^  and  at  other  limes  more  1w10te.i4.et 
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tnnadon,)  it  U  evident  that  she  must  attract  the  waters  of  the  ocean  with 
very  nneqaal  forces:  but  the  sun's  distance  from  the  earth  being  so  very 
immense,  that^  compared  with  it,  the  diameter  of  this  planet  is  rendered 
nearly  insensible^  his  attraction  is  consequently  more  uniform,  and  there- 
fore it  affects  the  different  parts  of  the  ocean  with  nearly  an  equal  force. 

By  the  combined  effect  of  these  two  forces,  the  tides  come  on  sooner 
when  the  moon  is  in  her  Jirsi  and  third  quarters,  and  later  when  in  the 
second  zxiA  fourth  quarters,  than  they  would  do  if  raised  by  the  sole  lunar 
agency :  it  is,  therefore,  the  mean  quantity  of  this  acceleration  and' retard- 
ation that  is  contained  in  the  present  Table,  the  arguments  of  which  are, 
the  apparent  times  of  the  moon's  reduced  transit )  answering  to  which,  in 
the  adjoining  column,  stands  a  correction,  which,  being  applied  to  the  ap^ 
parent  time  of  the  moon's  passage  over  the  meridian  of  any  given  place  by 
addition  or  subtraction,  according  to  its  title,  the  sum,  or  difference,  will 
be  the  corrected  time  of  transit.  Now,  to  the  corrected  time  of  transit, 
thus  found,  let  the  time  of  high  water  on  full  and  change  days,  at  any  given 
place  in  Table  LVl.,  be  applied  by  addition,  and  the  sum  will  be  the  time 
of  high  water  at  that  place,  reckoning  from  the  noon  of  the  given  day : 
should  the  sum  exceed  12t24?,  or  24 MS*?,  subtract  one  of  those  quantities 
firom  it,  and  the  remainder  will  be  the  time  of  high  water  very  near  the 
truth. 

Example  1  • 

Required  the  time  of  high  water  at  Cape  Florida,  America,  March  7th, 
1824;  the  longitude  being  80?5^  west,  and  the  time  of  high  water  on  full 
and  change  days  7-30?.? 

Moon's  transit  over  the  meridian  of  Greenwich,  per  Nautical 

Almanac,  March  7th,  1824,  is 5*  2r  0: 

Correction  from  Table  XXXVIII.,  answering  to  retardation  of 

transit  58?,  and  longitude  80? 5^  west  =     .     .     .     .     +        12.23 

Moon's  transit  reduced  to  the  meridian  of  Cape  Florida     .     .     5t  14'r23! 
Correction  answering  to  reduced  transit  (5!  14*^23  f)  in  Table 

XXXIX.,i8 -   1.   9.   0 

Corrected  time  of  transit 4*  6?23! 

Time  of  high  water  at  Cape  Florida  oh  full  and  change  days     7*  30.   0 

Time  of  high  water  at  Cape  Florida  on  the  given  day  =  •     .  Ili35?23! 

Example  2. 

Required  the  time  of  high  water  in- Queen  Charlotte's  Sound,  New 
Zealand,  April  13th,  1824;  the  longitude  being  174^56^  east,  and  the 
time  of  high  water  on  full  and  change  days  9t0?  ? 
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Moon's  transit  over  the  meridian  of  Greenwich,  per  Nautical 

Almanac,  April  13th,  1824,  is '•     .  10*27f  0! 

Correction  from  Table  XXXVIIL,  answering  to  retardation  of 

transit  50?,  and  longitude  174^56'  west  =....-       23. 29 

Moon's  transit  reduced  to  the  meridian  of  Queen  Charlotte's 
Sound ,.......,  10?  3r3l: 

Correction  answering  to  reduced  time  of  transit  (10*3?31f) 
in  Table  XXXIX.,  is +     23.   0 

% 

Corrected  time  of  transit 10*26T31t 

Time  of  high  water  at  given  place  on  full  and  change  days     .     9.   0.   0 

Time  of  high  water  at  Qiieen  Charlotte's  Sound,  past  noon  of 

the  given  day •     •  19!26T31 ' 

Subtract  12.24.    0 

*   Time  oif  high  water  at  given  place,  as  required 7*  2T31f 


Table  XL. 

Reduction  of  the  Moon's  Horizontal  Parallax  on  account  of  the 

Spheroidal  Figure  of  the  Earth. 

Since  the  moon's  equatorial  horizontal  parallax,  given  in  the  Nautical 
Almanac,  is  determined  on  spherical  principles,  a  correction  becomes 
necessary  to  be  applied  thereto,  in  places  distant  from  the  equator,  in 
order  to  reduce  it  to  the  spheroidal  principles,  on  the  assumption  that  the 
polar  axis  of  the  earth  is  to  its  equatorial  in  the  ratio  of  399  to  300  j  and, 
when  very  great  accuracy  is  required,  this  correction  ought  to  be  attended 
to,  since  it  may  produce  an  error  of  seven  or  eight  seconds  in  the  computed 
lunar  distance.  The  correction,  thus  depending  on  the  spheroidal  figure 
of  the  earth,  is  contained  in  this  Table ;  the  arguments  of  which  are,  the 
moon's  horizontal  parallax  at  the  top,  and  the  latitude  in  the  left-hand 
column ;  in  the  angle  of  meeting  will  be  found  a  correction,  expressed  in 
seconds,  which  being  subtracted  from  the  horizontal  parallax  given  in  the 
Nautical  Almanac,  will  leave  the  horizontal  parallax  agreeably  to  the  sphe- 
roidal hypothesis. 

Thus,  if  the  moon's  horizontal  parallax,  in  the  Nautical  Almanac,  be 
57-58'',  and  the  latitude  51?48f  ;  the  corresponding  correction  will  be  7 
seconds  subtractive.  Hence  the  moon's  horizontal  parallax  on  the  sphe- 
roidal hypothesis,  in  the  given  latitude,  is  57 -SK, 
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Semori*— The  correctioiu  contained  in  this  Table  may  be  competed  by 
the  following 

Rule. 

To  the  logarithm  of  the  moon's  equatorial  horizontal  parallax,  reduced  to 
seconds,  add  twice  the  log.  sine  of  the  latitude,  and  the  constant  log. 
7. 522879  ;*  the  sum,  rejecting  the  tens  from  the  index,  will  be  the  loga-* 
rithm  of  the  corresponding  reduction  of  parallax, 

Excnnple. 

Let  the  moon's  horizontal  parallax  be  57^58^,  and  the  latitude  5I?48^j 
required  the  reduction  of  parallax  agreeably  to  the  spheroidal  hypothesis  ? 

Moon's  equatorial  horiz.  par.  57'58T  =  3476T      .    Log.  ==     3. 541330 

Latitude  J 51?48:     Twice  the  log.  sine  :=  19. 790688 

Constant  log.      .    •    7*522879 

Reduction  of  horizontal  parallax  =       •    .    7'*  159        Log.=0. 854897 


Table  XLl. 

Reduction  qf  Latitude  on  account  ,of  the  Spheroidal  Figure  qf^  the  Earth. 

Since  the  figure  of  the  earth  is  that  of  an  oblate  spheroid,  the  latitude  of 
a  place,  as  deduced  directly  from  celestial  observation,  agreeably  to  the 
spherical  hypothesis,  must  be  greater  than  the  true  latitude  expressed  by 
the  angle,  at  the  earth's  centre,  contained  between  the  equatorial  radius 
and  aline  joining  the  centre  of  the  earth  and  the  place  of  observation. 
This  excess,  which  is  extended  to  every  second  degree  of  latitude  from  the 
equator  to  the  poles,  is  contained  in  the  present  Table ;  and  which,  being 
subtracted  from  the  latitude  of  any  given  place,  will  reduce  that  latitude 
to  what  it  would  be  on  the  spheroidal  hypothesis  :  thus,  if  the  latitude  be 
50  degrees,  the  corresponding  reduction  will  be  1 1 M2?,  subtractive ;  which^ 
therefore,  gives  49?48^  1ST  for  the  reduced  or  spheroidal  latitude. 

IZemarJtr.— The  corrections  contained  in  thb  Table  may  be  computed  by 
the  following  rule ;  viz., 
To  the  constant  log. .  003003,t  add  the  log.  co-tangent  of  the  latitude. 


*  The  arithmetical  complement  of  the  lo^.  of  the  earth'g  ellipticity  assumed  at  .y^. 

t  The  e&cess  of  the  spherical  above  the  eUiptic  arch  in  the  parallel  of  45  decrees  from  the 
equator,  is  ir.887»  or  IV &y'  (RoberUon's  Navigation,  Book  VIII.,  Article  134)  i  hence 
45*  -.  IViyf  m  UH^'  7»,  the  log.  co-taogeat  of  which,  rejection  the  index,  is  .003003. 
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and  theanm  will  be  the  log.  co-tangent  of  an  arch ;  the  difference  between 
which  and  the  given  latitude  will  be  the  required  reduction. 

Example, 

liet  it  bfi  required  to  reduce  the  spheqeal  latiMe  50?48.  to  what  it 
would  b#  if  det^nnined  on  the  spheroidal  prinQipIes ;  wi,  bence^  to  fin4 
the  reduction  of  that  latitu^e^ 

Latitude ,    J!Q?4$'  Or  Log.  co-tang.=9. 911467 

Constant  log.=  .  003003 

iteduoed  or  spheroidi^  latitude  =    50?3G '  2 K  Log.  co-tang.=;;9. 9 1 4470 

fleduction  of  latitude,  as  r^quire4     0?U139T 


Table  XLIL 

A  General  TYaverse  Table  ;  or  Difference  of  Latitude  and  Departure. 

This  Table,  so  exceedingly  useful  in  the  art  of  navigation,  is  drawn  up  in 
a  manner  quite  different  from  those  that  are  given,  under  the  same  deno- 
mination, in  the  generality  of  nautical  books ;  and,  although  it  occupies 
but  88  pages,  yet  it  is  more  extensive  tlum  the  two  combined  IVibles  o£ 
61  pages,  which  are  contained  in  those  bool^s.  In  this  Traverse  Table, 
every  page  exhibits  all  the  angles  that  a  ship's  course  can  make  with  the 
meridian,  expressed  both  i^  points  and  degrees;  which  doea  away  with  the 
necessity  of  consulting  two  Tables  in  finding  the  difference  of  latitude  and 
the  departure  corresponding  to  any  given  course  and  distance.  If  the 
coi^rse  be  und!er  4  points,  or  45  degrees,  it  will  be  found  ii^  the  left-hand 
compartment  of  each  page;  but  that  above  4  points,  or  45  degrees,  in  the 
right-hand  compartme^t  of  the  page.  The  distance  b  given,  in  nuoierical 
ordeif,  at  the  top  and^  bottom  of  the  page,  from  unity^^  or  1,  to  304  miles ; 
which  comprehends  all  the  probable  limits  of  a  ship's  run  in  24  hours  i  and> 
by  this  arrangement,  the  mariner  is  spared  the  tiouble  of  turning  over 
and  consulting  twenty-three  additional  pages.  Although  the  manner  of 
uahig  this  Table  must  appear  obvious  at  first  sight,  yet  since  its  mode  of 
arrangement  differs  so  very  considerably  from  the  Tables  with  which  the 
reader  may  have  been  hitherto  acquainted,  the  following  Problems  are 
given  for  its  illustration. 
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Peoblbm  I. 


CNmi  ih0  OuoMond  Dukuic$  loiM,  or  hetioeM  two  Placm^  iojiad  the 

Diffmtue  qf  Latitude  md  ika  Jkpartm$^ 

Enter  the  Table  with  the  ccune  in  the  left  or  right-hand  CQhuaii9  wd 
the  distance  at  the  top  or  bottom }  opposite  to  the  former^  and  under  or 
over  the  latter^  will  be  found  the  corresponding  difference  of  latitude  and 
departure :  these  are  to  be  taken  out  as  marked  at  th^  top  of  the  respective 
colunms  if  the  course  be  utider  4  points  or  45  degrees,  but  as  maiked  et 
the  bottom  if  the  course  be  more  than  either  of  those  quantities. 

NotBd^t  the  distance  exceed  the  limits  of  the  Tahle^  an  aliquot  part 
thereof  may  be  taken,  as  a  half,  third,  fourth,  &c. ;  then  the  difference  of 
latitude  and  departure  corresponding  to  this  and  the  given  course,  being 
multiplied  by  2,  3,  4,  &c.,  (that  is,  the  figure  by  which  such  aliquot  part 
was  fwn^O  ^  product  will  be  the  difference  of  latitude  ^d  departure 
answering  to  the  given  course  and  diistj^ce. 

JExamp{^  L 

^  sliip  s^  S.S,W^  ^  W.  1^0  inilesj;  !^eq\ured  the  difference  of  li^vde 
fm4  tit?  d^arture  ? 

Opposht  2|  points  and  under  176  miles^  stand  155. 2  and  89. 0 »  hcBoa 
the  difierenee  of  latitude  is  155.  ^  and  the  departure  9S.  0  miles. 

^  sbip  asols  N«  57?  &  236  oiiles ;  required  the  differeoce  of  latitude  and 
thie  depart>^e  2 

Opporite  to  57?,  and  under  236  miles,  stand  128. 5  and  197. 9 :  henee 
the  d^rence  of  latitude  is  128. 5,  and  the  departure  197. 9  miles. 

Example  3. 

Tlif  course  between  two  places  is  £.  h.  S.  f  S.,  aq4  the  distance  $4C| 
allies;  req;iMred  the  difference  of  latitude  and  the  departure  ? 

Distance  divided  by  2,  gives  270  miles ;  under  or  over  which^  and  oppo-* 
nte  to  6i  points,  stand    •    .    .    91.0  and  254. 2 

Multiply  by  2  2 

FiDoducU  =:    18^.  0  and  508. 4 :  Hence  the  difiereaec^ 
of  latitude  is  182. 0^  and  the  departure  508, 4  miles* 
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Example  4, 

The  course  between  two  places  is  N.  61 W,  and  the  distance  1 176  miles; 
required  the  difference  of  latitude  and  the  departure  ? 

Distance  1176  divided  by  4,  gives  294  miles;  under  or  over  whicb^  and 
opposite  to  61?,  stand    •    •    .     142.5  and^  257.1 

Multiply  by  4  4 


Product  =:      570. 0  and  1028. 4  :  hence  the   differ- 
ence of  latitude  is  570. 0,  and  the  departure  1028. 4  miles. 


Probl£M  II. 

Given  the  Difference  of  Latitude  and  the  Departure,  to  find  the  Course 

and  Distance. 

Rule. 

With  the  given  difference  of  latitude  and  departure,  enter  the  Table  and 
find,  in  the  proper  columns  abreast  of  each  other,  the  tabular  diflerence  of 
latitude  and  departure  either  corresponding  or  nearest  to  those  given ;  then 
the  course  will  be  found  on  the  same  horizontal  line  therewith  in  the  left  or 
right-hand  column,  and  the  distance  at  the  top  or  bottom  of  the  compart* 
ment  where  the  tabular  numbers  were  so  found. 

Note, — If  the  difference  of  latitude  be  greater  than  the  departure,  the 
course  will  be  less  than  4  points,  or  45  degrees ;  and,  therefore,  it  is  to  be 
taken  from  the  left-hand  column :  but  when  the  difference  of  latitude  is 
less  than  the  departure,  the  course  will  be  more  than  4  points  or  45  degreeSj 
and,  consequently,  it  must  be  taken  from  the  right-hand  column. 

Note,  also,  that  when  the  difference  of  latitude  and  the  departure,  or 
either  of  them,  exceed  the  limits  of  the  Table,  aliquot  parts  are  to  be  taken, 
as  a  half,  third,  fourth,  &c.,  with  which  find  the  course  and  distance  as 
before ;  then  the  distance,  thus  found,  being  multiplied  by  2,  3,  4,  &c.,  the 
product  will  be  the  whole  distance  corresponding  to  the  given  difference 
of  latitude  and  departure.  The  course  is  never  to  be  multiplied,  because 
the  angle  will  be  the  same  whether  determined  agreeably  to  the  whole  dif- 
ference of  latitude  and  the  departure,  or  according  to  their  corresponding 
aliquot  parts. 
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Example  1. 

If  the  difference  of  latitude  made  by  a  ship  in  24  houn  be  177*  4  miles 
north,  and  the  departure  102. 6  miles  east,  required  the  course  and  distance 
made  good  ? 

SohUian. — HThe  tabular  difference  of  latitude  and  departure,  nearest 
corresponding  to  those  given,  are  177*  5  and  102. 5  respectively :  these  are 
found  ill  the  compartment  under  or  over  205,  and  opposite  to  30  degrees  ^ 
hence  the  course  made  good  is  N.  30  E.,  and  the  distance  205  miles. 

Example  2. 

The  difference  of  latitude  made  by  a  ship  in  24  hours,  is  98. 5  miles 
south,  and  the  departure  140. 6  miles  west;  required  the  course  and  dis- 
tance made  good  ? 

Soltttiofi. — ^The  tabular  difference  of  latitude  and  departure,  nearest  to 
those  given,  are  98. 7  and  140. 9  respectively:  these  are  found  in  the  com- 
partment under  or  over  1 72,  and  opposite  to  55  degrees  ;  hence  the  course 
made  good  is  S.  55?  W.,  and  the  distance  172  miles. 

Example  3. 

The  difference  of  latitude  is  700  miles  south,  and  the  departure  928  miletf 
west;  required  the  course  and  distance  ? 

Solution, — Since  the  difference  of  latitude  and  the  departure  exceed  the 
limits  of  the  Table,  take  therefore  any  aliquot  part  of  them,  as  one  fourth,  and 
they  will  be  175  and  232  respectively :  now,  the  tabular  numbers,  answering 
nearest  to  those,  are  175. 1  and  232. 4 ;  these  are  found  in  the  compartment 
under  or  over  291,  and  opposite  to  53  degrees :  hence  the  course  is  S.  53? 
W.,  and  the  distance  291  x  4  =:  1 164  miles,  as  required. 

Remark. — ^Whenever  it  becomes  necessary  to  take  aliquot  parts  of  the 
difference  of  latitude,  the  same  must  be  taken  of  the  departure,  whether  it 
falls  without  the  limits  of  the  Table  or  not;  and,  vice  versa j  whenever  it 
becomes  necessary  to  take  aliquot  parts  of  the  departure,  the  same  must 
be  taken  of  the  difference  of  latitude. 

And,  in  all  cases  where  the  tabular  numbers  differ  considerably  from 
those  given,  proportion  must  be  made  for  that  difference. 
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PRdBLSM  III. 

Okm  the  proper  Differtnct  tf  Latitude  between  Ucb  Place$,  the  Meridional 
Difference  ofLatUudey  and  the  Departure,  to  find  the  Omree,  Distance, 
and  Difference  of  Longitude. 

With  the  proper  difference  of  latitude  and  the  departure,  find  the  course 
and  distance  by  Problem  11.^  then,  with  the  course  thus  found  and  the 
meridional  difference  of  latitude,  (in  a  latitude  column,)  take  out  the  cor- 
responding departure,  and  it  will  be  the  difference  of  longitude  required  ; 
as  thus :  run  the  eye  along  the  horizontal  line  answering  to  the  course, 
fiOttk  where  the  proper  difference  of  latitude  was  found,  (akvaye  to  the 
right  hand,)  and  find,  in  a  latitude  column,  the  tabular  difference  of  lati- 
tude answering  nearest  to  the  given  meridional  difference  of  latitude ; 
abreast  of  which,  in  the  departure  column,  will  be  found  the  difference  of 
UftkgjiitMdie^ 

Example. 

The  proper  differende  of  latitude  between  ttiro  places,  is  142  miles 
north,  the  departure  107  miles  west,  and  the  meridional  difference  of 
latitude  169  miles ;  required  the  coarse,  distance,  and  difference  of  lon- 
gitude? 

SoZtitioYi.— The  tabular  difference  of  latitude  and  departure  answering 
nearest  to  those  given,  are  142. 2  and  107. 3  respectively ;  these  are  found 
in  the  compartment  under  or  over  178,  and  opposite  to  37  degrees:  hence 
the  course  is  N.  37?  W.,  and  the  distance  178  miles.  Now,  with  the 
course  37  degrees,  and  the  meridional  difference  of  latitude  169  mites, 
the  difference  of  longitude  is  found,  as  thus :  from  where  the  proper  dif- 
ference of  latitude  was  found,  run  the  eye  along  the  horizontal  line  answer- 
ing to  37  degrees,  {always  towards  the  right  handy)  and  the  tabular  differ- 
ence of  latitude  answering  nearest  to  the  given  meridional  diflerence  of 
latitude  will  be  found  in  the  compartment  under  or  over  212,  viz.  169.3; 
corresponding  to  which,  in  the  departure  column,  is  127*  6;  and  whicfa^ 
therefore,  is  the  difference  of  longitudCj  as  required. 
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Pboblbm  IV. 

Oteen  the  prcpet  Difference  of  LaHtude,  the  Mertdbmal  INjflMRc*  (tf 
Laiihide,  and  the  Difference  of  LongUude,  to  find  the  Cowte  Mcl 
Distance. 

RULB. 

With  the  meridional  difference  of  latitude  and  the  difference  of  longi- 
tude, esteemed  as  difference  of  latitude  and  departure,  find  the  course  by 
Phiblem  11. ;  theh  with  the  course,  thus  foutid,  and  the  proper  dUnrence 
of  latitude,  the  distance  is  to  be  obtained,  as  thus :  run  fhe  eye  {akoayi  to 
the  I^  hand)  along  the  horizontal  line  answering  to  the  course,  from  where 
the  meridional  difference  of  latitude  was  found,  and  seek,  in  the  proper 
column,  the  difference  of  latitude  answerihg  nearest  to  that  fpveh ;  ovet  or 
under  whieh,  at  the  top  or  bottom  of  the  column,  wOl  be  fotmd  the 
required  distance. 

Note. — ^When  the  meridional  difference  of  latitude  exceeds  the  diifer-^ 
ence  of  longitude,  the  course  is  to  be  taken  from  the  left-hand  column } 
but  otherwise  from  the  right. 

Esample. 

The  proper  difference  of  latitude  between  two  places  is  78  itiiles  south, 
the  meridional  difference  of  latitude  107  miles  south,  and  the  difference  of 
longitude  1 19  miles  east;  required  the  course  and  distance  ? 

Solution. — ^The  tabular  difference  of  latitude  and  departure,  answering 
nearest  to  the  meridional  difference  of  latitude  and  the  difference  of  longi- 
tude, are  107. 1  and  118.9  respectively;  these  are  found  in  the  compart- 
ment under  or  over  160,  and  opposite  to  48  degrees :  hence  the  course  is 
S.  48?  E.  Now,  the  eye  being  run  along  the  horizontal  line  answering  to 
48,  {towards  the  left  hand,)  the  nearest  tabular  difference  of  latitude, 
answering  to  the  proper  difference  of  latitude,  will  be  found  in  the  com- 
partment under  pr  over  117:  hence  the  distance  is  1 17  miles. 


Problem  V» 

Gioen  the  middle  Latitude,  and  the  Meridian  Distance  or  Departure, 

to  find  tlie  Difference  qf  Idmgittide. 

Rl7LB. 

Bnter  the  Table  with  the  middle  latitude,  taken  as  a  eowse^  and  the 
departure  in  a  latitude  colunm;  run  the  eye  along  the  horizontal  line 
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answering  to  that  course  (towards  the  right  hand  or  the  left,  according  as 
the  first  tabular  difference  of  latitude  which  meets  the  eye  therein  is  greater 
or  le^s  than  the  given  departure),  and  find  a  difference  of  latitude  that 
either  agrees  with,  or  comes  nearest  to,  the  givcfn  departure ;  then  the 
distance  corresponding  to  this,  at  the  top  or  bottom  of  the  column,  will  be 
the  difference  of  longitude. 

Exatnplem 

The  middle  latitude  between  two  places  is  20?  north,  and  the  meridian 
distance  or  departure  140  miles ;  required  the  difference  of  longitude  ? 

SoluHon.'^The  middle  latitude,  20  degrees,  taken  as  a  course,  and  the 
departure  140,  as  difference  of  latitude,  will  be  found  to  correspond  in.  the 
compartment  under  or  over  149 :  }ience  the  difference  of  longitude  is  149 
miles,  as  required* 


Problbm  VI. 

Given  ilie  middle  Latitude^  the  Difference  of  Latitude,  and  the  Difference 
of  Longitude  between  two  Places,  to  find  the  Course  and  Distance. 

RULB. 

Enter  the  Table  with  the  difference  of  longitude,  esteemed  as  distance, 
at  the  top  or  bottom  of  the  page,  and  the  middle  latitude,  taken  as  a  course, 
in  the  left  or  right-hand  column ;  answering  to  which,  in  the  difference  of 
latitude  column,  will  be  found  the  departure.  Now,  with  this  departure 
and  the  given  difference  of  latitude,  the  course  and  distance  are  to  be  found 
by  Problem  II. 

Example. 

The  middle  latitude  is  26  degrees  north,  the  difference  •of  latitude  200 
miles  north,  and  the  difference  of  longitude  208  miles  east;  required  the 
course  and  distance  ? 

Solution. — In  the  compartment  under  or  over  208  miles  (the  given  longi- 
tude), and  opposite  to  26  degrees  (the  middle  latitude  taken  as  a  course), 
stands  186. 9  in  the  difference  of  latitude  column,  which,  therefore,  is  the 
departure.  Now,  the  tabular  numbers  answering  nearest  to  the  given 
difference  of  latitude  and  the  departure,  thus  found,  are  200. 4  and  186. 9 
respectively ;  these  are  found  in  the  compartment  under  or  over  274,  and 
opposite  to  43  degrees :  hence  the  course  is  N.  43?  E.^  and  the  distance  274 
miles. 


• 
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ii«mar/r.— The  numbers  in  the  general  Traverse  Table  were  computed 
agreeably  to  the  following  rule;  viz.. 

As  radius  is  to  the  distance,  so  is  the  co-sine  of  the  course  to  the  differ- 
ence of  latitude ;  and  so  is  the  sine  of  the  course  to  the  departure. 

Example. 

Given  the  course  35  degrees,  and  the  distance  147  miles ;  to  compute 
the  difference  of  latitude  and  the  departure. 

To  find  the  Difference  of  Latitude. 

As  radius :=     90?  log.  sine      •    .     =10.000000 

Is  to  distance  .     ....       147  miles      .     .    log.  =    2.167317 
So  is  the  course  .     .     .      =     35?  log.  co-sine     •     =    9.913365 

To  difference  of  lat.       =     120.4,  miles     .    •    log.  =    2.080682 

To  find  the  Departure. 

As  radius    ......  =  90?  log.  sine      .    .    a  10. 000000 

Is  to  distance  ;     ....       147  miles    .    .    log.  =    2. 167317    . 

So  is  the  course    .    .     •     .  =  35?,  log.  sine    •    •     =    9.758591 

To  departure      .    .     =         84.3  miles      .    .    log.  =    1.925908. 


Table  XLIII. 

Meridional  Parts. 

This  Table  contains  the  meridional  parts  answering  to  each  degree  and 
minute  of  latitude  from  the  equator  to  the  poles ;  the  arguments  of  which 
are,  the  degrees  at  the  top,  and  the  minutes  in  the  left  or  right  hand  mar- 
ginal columns ;  under  the  former,  and  opposite  to  the  latter,  in  any  given 
latitude,  will  be  found  the  meridional  parts  corresponding  thereto^  and 
conversdy.  Thus,  if  the  latitude  be  50?48^,  the  corresponding  meridional 
parts  will  be  3549.  8  miles. 

Remark. — ^The  Table  of  meridional  parts  may  be  computed  by  the  fol« 
lowing  rule ;  viz.. 

Find  the  logarithmic  co-tangent  less  radius  of  half  the  complement  of 
my  latitude,  and  let  it  be  esteemed  as  an  integral  number  ;  now^  from  the 

I 


I 
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eommon  logarithm  of  this,  subtract  the  constant  log.  2. 101510  ^^  and 

the  remainder  will  be  the  log.  of  the  meridional  partB  answering  to  that 

latitude. 

.Example  1. 

Required  the  meridional  parts  corresponding  to  latitude  50?48'  ? 
Given  lat,  =  50?48^;  complement  =  39?  12: ^2=      19?36',   the  half 

complement;  hence, 

Halfcomp.=sl9?36^  log.  co-tangent  fessradtta  =:  .448448,  the  log.  of 

which  is 5.651712 

Constant  log 2.101510 

Meridional  parts  corresponding  to  given  lat  3549. 78=:log.=3. 550202 

Exawqik  2. 

Reqmred  the  meridional  parts  corresponding  to  latitude  99?30^  ? 
Given  lat.     =  89?80C ;  comp.  =  0?30^  -«-2  =  0?15^,  the  half  comple- 
ment;  hence. 
Half  comp.  =    0*».15C  log.  cp-tangent  less  radius  =  2.360180,  the  log. 

ofwhichis 6.372945 

Constant  log 2.101510 

Meridional  parts  corresponding  to  ^ven  lat.  18682. 49s:log.=4. 271435 

Tablb  XLIV. 

T%e  Mean  Right  Ascensions  and  Decimations  of  the  principal  Juiced 

Stars. 

This  Table  contains  the  mean  right  ascensions  and  declinations  of  the 
principal  fixed  stars  adapted  to  the  beginning  of  the  year  1824. — ^The  stars 
are  arranged  in  the  Table  according  to  the  order  of  right  ascension  in 
which  they  respectively  come  to  the  meridian ;  the  annual  variation,  in 
right  ascension  and  declination,  is  given  in  seconds  and  decimal  parts  of  a 
second }  that  of  the  former  being  expressed  in  time,  and  that  of  the  latter 
motion. 

The  stars  marked  f,  have  been  taken  from  the  Nantical  Almanac  for 
the  ,year  1824.— Tlie  sUrs  that  have  asterisks  prefixed  to  them  are  those 
from  which  the  moon's  distance  is  computed  in  the  Nautical  AhnaDac  for 
the  purpose  of  finding  the  longitude  at  sea. 


•  TU  meaittre  of  the  arc  of  1  minute  (page  54,)  is  .0002908882 ;  which  beiug  multiplied 
hy  10000000000,  (the  radius  of  the  Tables)  produces  290.8882000000 ;  and,  this  being 
multiplied  by  the  modolus  of  the  conunon  logarltfamt,  via.,  ^434294481 90,  gives 
126  J3114QI09823580  }  the  common  log«  of  which  is  2.101510,  as  above* 
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The  phees  of  tlw  turiy  w  giten  in  thia  Table,  nmy  be  fedoeed  to  ray 
fiitm  period  by  imdtiplyiiig  the  uiiiiial  vamtion  by  the  litnnber  of  yean 
and  parts  of  a  year  elapf»ed  between  the  beginning  of  1824,  and  aodi  tMtrt 
period  :  the  product  of  right  ascension  is  to  be  added  to  the  right  ascen- 
dons  of  an  the  stars,  exeept  p  rad  8,  in  tJrsa  Minor,  from  whose  ri^t  as^ 
eensions  it  is  to  be  subtracted  :  but  the  product  of  declination  is  to  be  ap- 
plied, according  to  the  rign  prefixed  to  the  annual  variation  in  tlie  Table, 
to  the  declinations  of  all  the  stars  without  any  exception ;— ibus, 
To  find  die  light  ascenifion  and  the  declination  of  a  Arietis^  Jra.  Ist^  1SS4. 

R.A.of«Arieti8,perTab.  1*57^16!,  and  its  dec.    .    .      22?37'88rN. 
Animal  var.      .     +3*'.  35  Ann.  var.+  17'.40. 

Number  of  years  Num.  of  yrs^ 

after  1824=      10  after  1824  =     10 


MMMMM 


PhKiuct  .    +33^5     +0^38^5     Ph)d.+  l74^0ss  ^  2!54? 


Rt.  ase.  of  a  Arietis,  as  req.  1  ?  57*49 « .  5,  rad  its  declination  22?40<27?  N« 

Should  the  places  of  the  stars  be  required  for  any  period  antecedent  to 
1824,  it  is  evident  that  the  product*  of  right  ascension  rad  deeKaatkn  arat 
be  apfdied  in  a  contrary  manner. 

The  eighth  column  of  this  Table  contains  the  true  Mpherical  dittance  rad 

the  q>proximate  bearing  between  the  stars  therein  eoatained  and  tboao  pva^ 

ceding,  or  abreast  of  them  on.  the  same  horizontal  line ;  rad  the  UBlb^ 

or  last  column  of  the  page,  the  annual  variation  of  that  distance  expie^ad 

in  seconds  and  decimal  parts  of  a  second.— >By  means  of  the  last  column, 

the  tabular  distance  may  be  reduced  very  readily  to  any  future  period,  by 

multiplying  the  years  and  parts  of  a  year  between  any  such  period  and  the 

epoch  of  the  Table,  by  the  annual  variation  of  distance ;  the  product  being 

applied  by  addition  or  subtraction  to  the  tabular  distance,  according  as  the 

sign  may  be  affirmative  or  negative,  the  sum  or  difference  will  be  the  dis* 

tance  reduced  to  that  period. 

Eaample. 

Rcqmred  the  distance  between  a  Arietis  and  Aldebarra,  Jra.  1st,  1844  ? 
Tabular  dist.  between  the  two  given  stars  =  •     •     •    35?32^7? 
Amraal  var.  of  cHstance  .     —  0'.  02 
Number  of  years  after  1824  ^      20 


Product.    .    •-0^40fi= -0^40 


True  spherical  distance  between  the  two  given  stars,  as 
icquiitd.  ..............    ^    •  35?82;6^60, 

t2 


I 
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/Zemorlr.— The  true  spherical  distance  between  any  two  stars^  whose 
right  ascensions  and  declinations  are  known^  may  be  computed  by  the  fol- 
lowing rule ;  viz.^ 

To  twice  the  log.  sine  of  half  the  difference  of  right  ascension,  in  degr  ees 
add  the  log.  sines  of  the  polar  distances  of  the  objects ;  from  half  the  sum 
of  these  three  logs,  subtract  the  log.  sine  of  half  the  difference  of  the  polar 
distances,  and  the  remainder  will  be  the  log.  tangent  of ^n arch;  the  log. 
sine  of  which  being  subtracted  from  the  half  sum  of  the  three  logs.,  will 
leave  the  log.  sine  of  half  the  true  distance  between  the  two  given  stars. 


Example* 

» 

Let  it  be  required  to  compute  the  true  spherical  distance  between  a 
Arietis  and  Aldebaran,  January  1,  1844. 

ILA.offtArietisred.tol844=  1^58*^23!,  audits  dec.  =22 ?43^ 21  r  N. 
R.  A.  of  Aldebaran  red.  to  1844  =  4. 26. 58. 6,  and  its  dec.  =  16. 1 1. 28    N. 


Diflference  of  right  ascension    =  2! 28* 35 ' .  6s 

37?8^54r+2=18?34r27r 


"S2?^!'^^-'r^}18?34^27ri;»r.>:;}19. 0063060 
N.va««.i..r«Aruu.=  {67.16.39  {la}  9.9649129 
H.,Ar«.,,f  Aid^b^r  {73. 48. 32     {^.}     9. 9824236 


Sum  .  .  38. 9536425 


Diff.  of  Polar  dists.  6931 :53r   Half=  19. 47682 12j  .  .  .  19.4768212.5 


Half  diff.  of  ditto    3?15r564r  Log  S.  8. 75561774 


Arch  79914:27^.5826  log.  teng.     .  10.7212035  Log.S.  9.9922976.3 


Half  the  req.  dist 17946'.3-'.  4424  .    Log.  S.  9. 4845236. 2 


True  spher.  dist.  between 

the  two  given  stars      .    •    35 932 '.e''.  8848  on  Jan.  1,  1844. 
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Now,  by  comparing  this  computed  distance  with  that  directly  deduced 
from  the  Table,  as  in  the  preceding  example,  it  will  be  seen  that  the  differ- 
ence amounts  to  very  little  more  than  the  fifth  part  of  a  second  in  twenty 
years ;  which  evidently  demonstrates  that  the  tabular  distances  may  be  re- 
duced to  any  subsequent  period,  for  a  considerable  series  of  years,  with  all 
the  accuracy  that  may  be  necessary  for  the  common  purposes  of  navi- 
gation. 

Noie.'^The  tabular  distances  will  be  found  particularly  useful  in  deter- 
mining the  latitude,  at  sea,  by  the  altitudes  of  two  stars,  as  will  be  shown 
hereafter. 


Table  XLV. 

Acceleration  of  the  Fixed  Stars;  or  to  reduce  Sidereal  to  Mean  Solar 

Time. 

Observation  has  shown  that  the  interval  between  any  two  consecutive 
transits  of  a  fixed  star  over  the  same  meridian  is  only  23^56T4'. .  09,  whilst 
that  of  the  sun  is  24  hours  : — ^the  former  is  called  a  sidereal  day,  and  the 
latter  a  solar  day ;  the  difference  between  those  intervals  is  3*55 '  •  91,  and 
which  difference  is  called  the  acceleration  of  the  fixed  stars. 

This  acceleration  is  occasioned  by  the  earth's  annual  motion  round  its 
orbit :  and  since  that  motion  is  from  west  to  east  at  the  mean  rate  of  59  ^  8^.  3 
of  a  degree  each  day ;  if,  therefore,  the  sun  and  a  fixed  star  be  observed  on 
any  day  to  pass  the  meridian  of  a  given  place  at  the  same  instant,  it  will  be 
found  the  next  day  when  the  star  returns  to  the  saine  meridian,  that  the 
sun  will  be  nearly  a  degree  short  of  it ;  that  is,  the  star  will  have  gained 
3"  56 !  .  55  sidereal  time,  on  the  sun,  or  3"  55* .  91  in  mean  solar  time ;  and 
which  amounts  to  one  sidereal  day  in  the  course  of  a  year : — for 
3T55'.91  X  365^.5*48^48'=  23*56"? 4'.:— hence  in  365  days  as  mea- 
sured by  the  transits  of  the  sun  over  the  same  meridian,  there  are  366  days 
as  measured  by  those  of  a  fixed  star. 

Now,  because  of  the  earth's  equable  or  uniform  motion  on  its  axis,  any 
given  meridian  will  revolve  from  any  particular  star  to  the  same  star  again 
in  every  diurnal  revolution  of  the  earth,  without  the  least  perceptible  differ- 
ence of  time  shewn  by  a  watch,  or  clock,  that  goes  well : — and  this  pre- 
sents us  with  an  easy  and  infallible  method  of  ascertaining  the  error  and 
the  rate  of  a  watch  or  clock  : — to  do  which  we  have  only  to  observe  the 
instant  of  the  disappearance  of  any  bright  star,  during  several  success  ive 
nights^  behind  some  fixed  object,  as  a  chimney  or  corner  of  a  house  at  a 
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little  dkhmcf,  the  position  of  the  eye  being  fixed  at  tome  particul«r  spot, 
such  as  at  a  snuill  hole  in  a  window-shutter  nearly  in  the  plane  of  the  meri- 
dian ;  then  if  the  observed  times  of  disappearance  correspond  with  the  ac- 
celeration contained  in  the  second  column  of  the  first  compartment  of  the 
present  Table,  it  will  be  an  undoubted  proof  that  the  watch  is  well  regu^- 
lated  :-^bence,  if  the  watch  be  exactly  true,  the  disappearance  of  the  same 
star  will  be  3*56*. earlier  every  night;  that  is,  it  will  disappear  3*56- 
sooner  the  first  night;  7*52;  sooner  the  second  night;  11*48'  sooner  the 
third  night,  and  so  on,  as  in  the  Table. — Should  the  watch,  or  dock  de- 
viate from  those  times,  it  must  be  corrected  accordingly ;  and  amce  the  disr- 
appearance  of  a  star  is  instantaneous,  we  may  thus  determine  the  rate  of  a 
watch  to  at  least  half  a  second. 

The  first  compartment  of  this  Table  consists  of  two  columns  ;  the  first  of 
which  contains  the  sidereal  days,  or  the  interval  between  two  successive 
transits  of  a  fixed  star  over  the  same  meridian,  and  the  second  the  accele- 
ntiofi  of  the  vtars  expressed  in  mean  solar  time ;  which  is  extended  tQ  30 
days,  so  as  to  afford  ample  opportunities  for  the  due  regulation  of  clocks  or 
watches.— The  five  following  compartments  consist  of  two  columns  each, 
and  are  particularly  adapted  to  the  reduction  of  sidereal  time  into  mean 
Bolar  time :-— the  correction  expressed  in  the  column  marked  acceleraiiotiy 
&c.  being  subtracted  from  its  corresponding  sidereal  time,  will  reduce  it  to 
mean  solar  time ;  as  thus. 

Required  the  mean  solar  time  corresponding  to  14*40?55*«  sidereal 
time? 

Given  sidereal  time  cr        .     .    , I4t4(h5S' 

Corresponding  to  14  hours  is ,  •  2*  17  *  •  61  "1 

Do.  40 minutes.  ,0.   6  .55  >Sum  =  -     2"J24  .31 

Do.  55  seconds  •  .  0.   0  •  15  J  ■       — 

Mean  solar  time  as  required •    •    .  14t38T30',6d 

Bemark^^Tlm  Table  was  computed  in  the  following  manner  j  viis.» 

Since  the  earth  performs  its  revolution  round  its  orbit,  that  is,  round 
the  sun,in  a  solar  year;  thereforeas366f5*48"?48'.  :360?::n  liO'.S^.Si 
which,  therefore,  is  the  earth's  daily  advance  in  its  orbit :  but  while  the 
earth  is  going  through  this  daily  portion  of  its  orbit,  it  turns  once  round 
on  its  axis,  from  west  to  east,  and  thereby  describes  an  arc  of  360?59'8'^,  3 
in  a  mean  solar  day,  and  an  arc  of  360?  in  a  sidereal  day. 

Hence,  as  360?59:8'^.3  ;  24*::360?  :  23*56^4*. 09,  the  length  of  a 
sidereal  day  in  mean  solar  time;  and  which^  thereforci  evidently  anticipates 
3*55'  •  91  upon  the  solar  day  as  before-mentioned.    Now, 
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Ai  one  sidereal  day,  is  to  3*55'  •  91,  so  is  any  giTen  portion  of  sidereal 
time  to  its  corresponding  portion  of  mean  solar  time :— and  hence,  theme* 
tbod  by  which  the  Table  was  computed. 


^       Tablb  XLVI. 
To  reduce  Mean  Solar  Time  into  Sidereal  Time» 

£Hnee  this  Table  is  merely  the  converse  of  the  preceding,  it  is  presumed 
that  it  does  not  Require  any  explanation  farther  than  by  observing,  that  the 
correction  is  to  be  applied  by  addition  to  the  corresponding  mean  solar 
time,  in  order  to  reduce  it  into  sidereal  time  ;  as  thus. 

Required  the  sidereal  time  corresponding  to  20M5*f33!  mean  solar 
time? 

Given  mean  solar  time  =        20M5"33J 

Corresponding  to  20  hours  is  3*17'  •  13 ^ 

Do.  15  minutes  0.    2  .46>Sum  =  .     +     3?  19;. 68 

Do.  33  seconds  0.   0  .  09  J  ■    ■ 

Sidereal  time  as  required        20?18T52\68 


Tabj^  XLVII. 

Time  from  Noon  when  the  Sun*s  Centre  is  in  the  Prime  Vertical;  being 
the  instant  at  which  the  Altitude  of  that  Object  should  be  observed  in 
order  to  €ucertain  the  apparent  Time  with  the  greatest  Accuracy. 

Since  the  change  of  altitude  of  a  celestial  object  is  quickest  when  that 
object  is  in  the  prime  vertical,  the  most  proper  time  for  observing  an  alti- 
tude from  which  the  apparent  time  is  to  be  inferred,  is  therefore  when  the 
object  is  due  east  or  west ;  because  then  the  apparent  time  is  not  likely  to 
be  affected  by  the  unavoidable  errors  of  observation,  nor  by  the  inaccuracy 
of  the  assumed  latitude. — ^This  Table  contains  the  ^parent  time  when  a 
celestial  object  is  in  the  above  position. — The  declination  is  marked  at  top 
and  bottom,  and  the  latitude  in  the  left  and  right  hand  marginal  columns : 
hence,  if  the  latitude  be  50  degrees,  and  the  declination  10  degrees,  both 
being  of  the  same  name,  the  object  will  be  due  east  or  west  at  5726*  from 
its  time  of  transit  or  meridional  passage. 

/{emarfr.*— This  Table  was  computed  by  the  following  rule ;  viai 
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To  the  log.  co-tangent  of  the  latitude,  add  the  log.  tangent  of  the  decli- 
nation ;  and  the  sum,  abating  10  in  the  index,  will  be  the  log.  co-sine  6{  the 
hour  angle,  or  theobject's  distance  from. the  meridian  when  its  true  bearing 
is  either  east  or  west. 

Example. 

Let  the  latitude  be  50  degrees,  north  or  south,  and  the  sun's  declination 
10  degrees,  north  or  south;  required  the  apparent  time  when  that  object 
will  bear  due  east  or  west  ?  ^ 

Given  latitude  = 50?    log.  co-tangent  =  9. 923814 

Declination  of  the  sun  =  .     .     •     10?    log.  tangent      =  9. 246319 

Hour  angle  =       .    •     .     8 1 9 29  C  30^ =log.  co-sine      =  9. 1 70 133 

In  time        =       •     •    •      5*25T58! ;  which,  therefore,  is  the  ap- 
parent time  when  the  sun  bears  due  east  or  west 

Note.— During  one  half  of  the  year,  or  while  the  sun  is  on  the  other  side 
of  the  equator,  with  respect  to  the  observer,  that  object  is  not  due  east  or 
west  while  above  the  horizon  ;  in  this  case,  therefore,  the  observations  for 
determining  the  apparent  time  must  be  made  while  the  sun  is  near  to  the 
horizon ;  the  altitude,  however,  should  not  be  undei;  3  or  4  degrees,  on  ac- 
count of  the  uncertainty  of  the  effects  of  the  atmospheric  refraction  on  low 
altitudes. 


Table  XLVIIL 

Mtittide  of  a  CelesHal  Object  {wlien  its  centre  is  in  the  Prime  Vertical^) 
most  proper  for  determining  the  apparent  Time  tvith  the  greatest 
Accuracy. 

This  Table  is  nearly  similar  to  the  preceding ;  the  only  difference  being 
that  that  Table  shows  the  apparent  time  when  a  celestial  object  bears  due 
east  or  west,  and  this  Table  the  true  altitude  of  the  object  when  in  that  po- 
sition ;  being  the  altitude  most  proper  to  be  observed  in  order  to  ascertain 
the  apparent  time  with  the  greatest  accuracy  : — thus,  if  the  latitude  be  50 
degrees,  and  the  declination  10  degrees,  both  being  of  the  same  name,  the 
altitude  of  the  object  will  be  13?6^,  when  it  bears  due  east  or  west  from 
the  observer ;  which,  therefore,  is  the  altitude  most  proper  to  be  observed, 
for  tlie  reasons  assigned  in  the  explanation  to  Table  XL VII. 

Note.y^Tld^  Table  was. computed  by  the  following  rule }  viz.^ . 
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If  the  declination  be  less  than  the  latitude  ;  from  the  log.  sine  of  the 
fonner  (the  index  being  increased  by  10),  subtract  the  log.  sine  of  the  lat- 
ter, and  the  remainder  will  be  the  log.  sine  of  the  altitude  of  the  object 
when  its  centre  is  in  the  prime  vertical : — But,  if  the  latitude  be  less  than 
the  declination,  a  contrary  operation  is  to  be  used ;  viz.,  from  the  log.  sine  of 
the  latitude,  the  index  being  increased  by  10,  subtract  the  log.  sine  of  the 
declination,  and  the  remainder  will  be  the  log,  sine  of  the  altitude  of  the 
object  when  its  centre  is  in  the  prime  vertical,  or  when  it  bears  due  east  or 
west. 

Example  1. 

Let  the  latitude  be  50?,  and  the  declination  of  a  celestial  object  10% 
both  being  of  the  same  name ;  required  the  altitude  of  that  object  when  iti 
centre  is  in  the  prime  vertical. 

Declination  of  the  object  =  10?  log.  sine  :s  9. 239670 

Latitude 50.  log.  sine  =  9. 884254 

Altitude  required  .     .     .  13?6:6r      log.  sine  =s  9.355416 


Example  2. 

Let  the  latitude  be  3?,  and  the  declination  of  a  celestial  object  14?,  both 
being  of  the  same  name ;  required  the  altitude  of  that  object  when  its 
in  the  prime  vertical. 

Latitude 3?  log.  sine  =  8.718800 

Declination  of  the  object  =  14  log.  sine  =  9.383675 

Altitude  required  .       12?29:38r       log.  sine  =-  9.335125 

Note, — ^Altitudes  under  3  or  4  degrees  should  not  be  made  use  of  in 
computing  the  apparent  time,  on  account  of  the  uncertainty  of  the  atmos- 
pheric  refraction  near  the  horizon. 

And  since  the  Table  only  shows  the  altitude  of  a  celestial  object  most 
favourable  for  observation  when  the  latitude  and  declination  are  of  the  same 
name ;  therefore  during  that  half  of  the  year  in  which  the  sun  is  on  the 
other  side  of  the  equator,  with  respect  to  the  observer,  and  in  which  he 
does  not  come  to  the  prime  vertical  while  above  the  horizon,  the  altitude 
is  to  be  taken  whenever  it  appears  to  have  exceeded  the  limits  ascribed  to 
th^  uncertainty  of  the  atmospheric  refraction  in  page  120« 
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Tablb  XLDC. 

AmpUtudei  of  a  Celestial  Object^  reckoned  fiam  the  trueEasi^  or  West 

Point  of  the  Horixoiu 

The  argnments  of  this  Table  are^  the  declination  of  a  celestial  object  at 
top  or  bottom^  and  the  latitude  in  the  left,  or  right  hand  column ;  in  the 
angle  of  meeting  will  be  found  the  amplitude :  proportion,  however,  is  to 
be  made  for  the  excess  of  the  minutes  above  the  next  less  tabular  argu- 
ments. 

Example  I. 

Let  the  latitude  be  50?48'  north,  and  the  sun's  declination  10?25C 
north ;  required  the  sun's  true  amplitude  at  its  setting  ? 

True  amplitude  corresp,  to  lat.  50?,  and  dec.  10?,  =W.  15?  40'  N. 
Tab,  diff,  to  1?  of  lat.  =2K  ;  now     ^-^^^      =         +   U,  nearly; 

T.diflF.tol?ofdec.=l936:,or96^5now?^^*  =        +40 

oO.  _-^ 

Sun*strue  amplitude  as  required      .    •    •    •    •    ss  W,  16.37*  N. 


Example  2. 

Let  the  latitude  be  34? 24^  north,  and  the  sun^s  declination  16? 48^ 
south ;  required  the  sun's  true  amplitude  at  the  time  of  its  rising  ? 
True  amplitude  corresponding  to  latitude  34?  N.  and 

declination  16930C  S.  = E.  20?  2:  S. 

Tal».difttol?oflat.  =s  15;:  iiow^il^i^=.    .         +    6 

Tab.  diff.  to  30 J  of  dec.  =  37 i  j  now  ^"•^/^-  = .    .         +22,  nearly. 

Sun's  true  amplitude  as  required  = B.  20?30'  S. 

Bjevaoxk. 

This  Table  was  computed  agreeably  to  the  following  rule ;  viz., 
To  the  log.  secant  of  the  latitude,  add  the  log.  sine  of  the  declination, 
and  the  sum,  abating  10  in  the  index,  will  be  the  log.  sine  of  the  true  am- 
plitude. 
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Example^ 

JjH  the  latitude  be  50?48^^  tnd  the  dedination  of  a  celeBtial  obiect 
10^  25 ' ;  required  the  true  anplitude  of  that  object  ? 

liititHde.    .«••*»    SOHB',    log.  secant    10.199263 
Dadiaation 10.25     log.  sine         9.257211 

Tnie  amplitude  asrequired  16?37'22r  log.  sine  .    .  9.456474 


i*»-^ 


Tablb  L. 

To^the  TtmesqfthB  Rising  gnd  SHHng  (^  a  CtletiM  (Mgeci. 

Tliift  TaUe  contains  the  semidiurnal  arch^  or  the  time  of  half  the  continu- 
>mce  of  a  celestial  object  above  the  horizon  when  its  declination  is  of  the 
saipe  name  with  the  latitude  of  the  place  of  observation;  or  the  time  of 
half  its  continuance  below  the  horizon  when  its  declination  and  the  lati- 
tude are  of  different  denominations.— TAe^emt-diumal  arch  expresses  the 
time  thai  a  celestial  object  takes  in  ascending  from  the  eeuiem  horizon  to 
the  meridian ;  or  of  its  descending  from  the  meridian  to  the  western 
horizon* 

As  the  Table  is  only  extended  to  23|  degrees  of  declination^  being  tha 
peatest  declination  of  the  sun^  and  to  no  more  than  60  degrees  of  latitude  ; 
therefore,  when  the  declination  of  any  other  celestial  object  and  the  lati^ 
tude  of  the  place  of  observation  exceed  those  limits,  the  semi-diumd  arch 
is  to  be  computed  by  the  following  rule ;  viz., 

To  the  log.  tangent  of  the  latitude,  add  the  log.  tangent  of  the  declina- 
tion, and  the  sum,  rejecting  10  in  the  index,  will  be  the  log.  sine  of  an 
arch  I  which  being  converted  into  time,  and  added  to  6  hours  when  tiie 
latitude  and  declination  are  of  the  same  name ;  or  subtracted  from  6  hours 
when  these  elements  are  of  contrary  names ;  the  sum,  or  difference,  will  be 
the  semi-diurnal  arch. 

Example  1. 

Let  the  latitude  be  61  degrees,  north,  and  the  declination  of  a  celestial 
object  25?  10',  north  ;  required  the  corresponding  semi-diurnal  arch  ? 

Latitude 61?  0^  north,  log.  tangent       10.256248 

Peclination  .    .    .    ,25.10    north,  log.  tangent        9.671963 

Arch=       .    .    .        67?57^21f  =  log.  sine.    .    .9.928211 

Arch  coov.  iDto  tim«     3t$l'?49!  +  6t  =:  9t5lT49'.,  the  senudiur* 
pal  arch,  aa  reawfc^ 
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Example  2. 

Let  the  latitude  be  20?40',  south,  and  the  declination  of  a  celestial  ob- 
ject 30? 29',  north;  required  the  corresponding  semi-diurnal  arch  ? 

Latitude 20^40^   south,  lq{.  tangent  .  .9.576576 

Declination      .    .    •  30. 29    north,  log.  tangent  .  .  9. 769860 

Arch=.     .    .    .     .  12?49:45r  =:  log.  sine      ...9.346436 

I 

Arch  conv.  into  time      0^51^19?  5  and  6* -0?51'?19?  =  5?8'?41s 
the  sctni-diumal  arch. 

The  present  Table  has  been  computed  agreeably  to  the  first  example ; 
but  as  in  most  nautical  computations,  it  is  not  absolutely  necessary  that 
the  semi-diurnal  arch  should  be  determined  to  a  greater  degree  of  accu- 
racy than  the  nearest  minute;  the  seconds  have,  therefore,  been  rejected^ 
and  the  nearest  minute  retained  accordingly. 

Since  the  Table  for  finding  the  time  of  the  rising  or  setting  of  a  celes- 
tial object  (commonly  called  a  Table  of  semi-diurnal  and  semi-nocturnal 
arcs,)  is  scarcely  applied  to  any  other  purpose,  by  the  generality  of  nau- 
tical persons,  than  that  of  merely  finding  the  approximate  time  of  the  rising 
or  setting  of  the  sun  ;  the  following  problems  are,  therefore,  given  for  the 
purpose  of  illustrating  and  simplifying  the  use  of  this  Table ;  and  of  show^ 
ing  how  it  may  be  employed  in  determining  the  apparent  times  of  the  rising 
and  setting  of  all  the  celestial  objects  whose  declinations  come  within  its 
limits. 


Problem  L 

Given  the  Latitude  and  the  Sun*s  DecUnatioHf  to  find  the  Time  of  its 

Rising  or  Setting. 

RULB. 

Let  the  sun's  declination,  as  given  in  the  Nautical  Almanac,  be  reduced 
to  the  meridian  of  the  given  place  by  Table  XV.,  or  by  Problem  L,  page 
76 ;  then, 

Enter  the  Table  with  this  reduced  declination  at  top,  or  bottom,  and 
the  latitude  in  either  of  the  side  columns ;  under  or  over  the  former,  and 
opposite  to  the  latter,  will  be  found  the  approximate  time  of  the  sun's  set- 
ting when  the  latitude  and  declination  are  of  the  same  name ;  or  that  of 
its  rising  when  they  are  of  contrary  names. — ^The  time  of  setting  being 
taken  from  12  hours  will  leave  the  time' of  rising,  and  vice  versa,  the  tiv^^ 
of  rising  being  takeo  from  12  hours  vwiH  leave  that  of  setting. 
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^o/««-^Proportion  must  be  made^  as  usual,  for  the  excess  of  the  minutes 
of  latitude  and  declination  above  the  next  less  tabular  arguments. 

« 

Example  1. 

Recjuired  the  approximata  times  of  the  sun's  rising  and  setting  July  13^ 
1824,  in  latitude  50?48f,  north,  and  longitude  120  degrees  west  ? 
Sun's  declination  July  13th.  per  Nautical 

Almanac,  is 21^49^51  r  north. 

Correction  from  Table  XV.,  answering  to 

▼ar.  of  dec.  S^SSr,  and  long.  120?  W.  -    2'S9r 


• 


Sun's  dec.  reduced  to  given  meridian  •    •  21?46152T  j  or  21?47*^  N.  * 
Tme,  in  Table  L.,  ans.  to  lat.  50?,  north,  and 

dec.21?30^,  north    = ...7*52? 

4'  v48' 
OUmlar  diflFerence  to  1?  of  lat.  =  4'.:  now       jl,      =+    3 

3'  X 17' 
Tab.  difference  to  30'   of  dec.  =  3';  now     ' ^^,       =+     2,  .nearly. 

Approximate  time  of  the  suu's  setting 7*57? 

Approximate  time  of  the  sun's  rising        ...••.-    4t  3? 

Nole.-^Twice  the  time  of  the  sun*s  setting  will  give  the  length  of  the 
day ;'  and  twice  the  time  of  its  rising  will  give  the  length  of  the  night. 

Example  2. 

Required  the  approximate  times  of  the  sun's  rising  and  setting  October: 
1st,  1824,  in  latitude  40?30'  north,  and  longitude  105  degrees  east? 
Son's  declination  October  1st.  per  Nautical 

Almanac,  is 3?  16^  6?  south. 

Correction  from  Table  XV.,  answering  to 

var.  of  dec.  23'20'r,  and  long.  105?  E.    -  6U8r 

Sun's  dec.  reduced  to  the  given  meridian    3?  9H8T,  or  3?9'  south. 
Time  in  Table  L.,  ans.  to  lat.  40?  north,  and 

dec.  3?  south,  is        6M0r 

TUj.  diff.  to  1?  of  lat.  =  0^  ;  now       qq^       =  0 

Tkb.  diff.  to  1?  of  dec.=  3^  5  now  ^jt^    =  0 

Approximate  time  of  the  sun's  rising 6 MO? 

Approximate  time  of  the  sun's  setting      •    •     •     •     .    5^50? 

*  Tlic  nearest  minute  of  declination  is  sufficiently  exact  for  the  purpote  of  finding  the 
appnndmate  tunes  of  the  mins  and  setting  of  a  celestial  object. 


» 
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Remark. 

Since  the  times  of  the  sun's  rising  and  setting,  found  as  above^  will  differ 
a  few  minutes  from  the  observed,  or  apparent  times  in  consequenee  of  no 
notice  having  been  taken  o[  the  combined  e£Eects  of  the  horizontal  refrac- 
tion and  the  height  of  the  observer's  eye  above  the  level  of  the  sea,  by 
which  the  time  of  rising  of  a  celestial  object  is  accelerated,  and  that  of  its 
setting  retarded ;  nor  of  the  horizontal  parallax  which  affects  these  times 
in  a  contrary  manner ;  a  oorrectioni  therefore,  must  be  applied  to  the  ap- 
proximate times  of  rising  and  setting,  in  order  to  reduce  them  to  the  appa- 
rent times.— This  correction  may  be  eoropoted  by  the  fddlowing  nde;  by 
which  the  apparent  times  of  the  sun's  rising  and  setting  will  be  always 
found  to  within  a  few  seconds  of  the  truth. 

little.— To  the  approximate  times  of  rising  and  setting,  let  the  lonptude, 
in  time,  be  applied  by  addition  or  subtraction,  according  as  it  is  west  or 
east,  and  the  corresponding  times  at  Greenwich  will  be  obtained  : '  to  these 
times,  respectively,  let  the  sun's  declination  be  reduced  by  Table  XV.^  or  by 
Problem  L,  page  76 ;  then^ 

Find  the  sum  and  the  difference  of  the  natural  sine  of  the  latitude,  and 
the  natural  co-sine  of  the  declination  (rejecting  the  two  right  hand  figures 
from  each  term),  and  take  out  the  comm<m  log.  answering  thereto,  reject- 
ing also  the  two  right  hand  figures  from  each  : — now,  to  half  the  sum  of 
these  two  logs,  add  the  proportional  log.  of  the  sum  of  the  horizontal  re- 
fraction and  the  dip  of  the  horizon  diminished  by  the  sun's  horizontal 
parallax,  and  the  constant  log.  1. 1761  * ;  the  sum  of  these  three  logs.,  abat- 
ing 4  in  the  index,  will  be  the  proportional  log.  of  a  correction ;  which 
being  subtracted  firom  the  approximate  time  of  rising,  and  added  to  that 
of  setting,  the  apparent  times  of  the  sun's  rising  and  setting  will  be 
obtained. 

Thus,— Let  it  be  required  to  reduce  the  approximate  times  of  the 
sun's  rising  and  setting,  as  found  in  the  last  Example,  to  the  respective  ap- 
parent times  ;  the  horizodta!  refraction  being  33^  ;  the  dip  of  the  horizon 
SnST,  and  the  sun's  horizontal  parallax  9  seconds. 

The  sun's  declination  redneed  to  the  approximate  time  of  rising,  is 
3?3'37^,and  to  that  of  setting  3?l4'58^  south. 


>.i-— **•■ 


*  This  U  Ibc  proportional  \og»  of  12  boun  esteemed  «•  minutes. 
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latitude   .    .  40^30:  01  nat.  sine   .    .  =  6494 
Declination   ,    3?  3'37^  nat  co-sine  •  =  9986 

Sum 16480  log.    =4.2170 

Difference     ......   3492  log,    =  3.5431 


m 


Sum 7.7601 

Hiilf-«um=  .    .    .  3. 8800 i 

33^+5n5r-9r=:38:6r,prop.log.      .    .    .  0.6743 

Constant  log 1.1761 

Correction -  3:2irpwipJof.2:U7804f 

Approxiiiiate  time  of  rising  =    •    .    .  6M0r  0! 

^k|>pareiit  time  of  sun's  rising  r:     •    •  6?  6739! 


Latitude  •    ,  40?30:  OT  nat  sine   .    •   =:  6494 
Declination  .    3n4'58rnat.  co-sine    .   =  9984 


Sum     .......     16478  log.  =:  4.2169 

Difference    .    •    .     .    •         3490  log.  =s  8. 5428 

Sum, 7.7597 


Half  sum  =  ,    .    .     3.8798i 
33f +5n5r-9r=38^6r,  prop.  log.  =     .     0.6745 
Constant  log 1. 1761 


Correction         -f-  3'2ir  prop.  log.  =  1. 73021 

Approximate  time  of  setting  =:  •    .  5*50?  Of 

Apparent  time  of  sun's  setting  =r    •  5*53T21  ? 

Note. — In  this  method  of  reducing  the  approximate  to  the  appartiU 
time  of  rising  or  setting,  it  is  immaterial  whether  the  latitude  and  declina- 
tion be  of  the  same,  or  of  contrary  names  :— nor  is  it  of  any  consequence 
whether  the  declination  be  reduced  to  the  approximate  times  of  rising  and 
setting  or  not,  since  the  declination  at  noon  will  be  always  siiflieiefftiy 
exact  to  determine  the  correction  within  two  or  three  seconds  of  the  trutl^ 
on  account  of  its  natural  co-sine  being  only  required  to  four  places  of 
figuret  r— ibis  will  ^pear  evident  by  refenlng  to  the  above  example^  where. 
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although  there  is  a  difference  of  11 '2K  between  the  reduced  declinations 
at  the  approximate  times  of  rising  and  setting ;  yet  this  difference  has  no 
sensible  effect  on  the  correction  corresponding  to  those  times. 


Problbm  II. 

Given  the  Latitude  of  a  Place  and  the  DecUnation  of  a  fixed  Star,  to  find 

the  Times  of  its  Rising  and  Setting. 

RuiJB. 

Let  the  right  ascension  and  declination  of  the  star,  as  given  in  Table 
XLIV^  be  reduced  to  the  given  day ;  then,  from  the  right  ascension  of  the 
star,  increased  by  24  hours  if  necessary,  subtract  that  of  the  sun,  at  noon 
of  the  given  day ;  and  the  remainder  will  be  the  approximate  time  of  the 
star's  transit,  or  passage  over  the  meridian  5  from  which,  let  the  correction 
answering  thereto  and  the  daily  variation  of  the  sun's  declination  (Table 
XV.,)  be  subtracted,  and  the  apparent  time  of  the  star's  transit  will  be  ob- 
tained. 

If  much  accuracy  be  required,  and  the  place  of  observation  be  under  a 
mcfridian  different  from  that  of  Greenwich,  a  correction  depending  on  the 
longitude  and  variation  of  the  sun's  right  ascension  (Table  XV.,)  must  be 
applied  to  the  time  of  transit : — this  correction  is  subtractive  in  west,  and 
additive  in  east  longitude ;  the  time  being  always  reckoned  from  the  pre- 
ceding  noon :  now. 

Enter  Table  L.,  with  the  declination  at  top  or  bottom,  and  the  latitude 
in  the  side  column  ;  and  in  the  angle  of  meeting  will  be  found  the  semi- 
diurnal arch,  or  the  time  of  half  the  star's  continuance  above  the  horizon, 
when  the  latitude  and  declination  are  of  the  same  name;  but  if  these  ele- 
ments are  of  different  names,  the  time,  so  found,  is  to  be  subtracted  from 
12  hours,  in  order  to  obtain  the  half  continuance  above  the  horizon: 
then  this  half  continuance  *  t)eing  applied  by  subtraction  and  addition  to 
the  apparent  time  of  transit,  will  give  the  approximate  tiipes  of  the  star's 
rising  and  setting. 

Example  1. 

At  what  times  will  the  star  a  Arietis  rise  and  set  January  1st.  1824,  in 
latitude  50"! 48^   north? 


*  In  strictness  the  semi-diurnal  arcb,  or  half  continuance  aboYe  the  horizon  ought  to  be 
corrected  by  subtracting  therefrom  the  proportional  part  (Table  XY.,)  corretpondin^  to  it 
and  the  variation  of  the  sun's  right  ascension  for  the  given  day. 
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Star's  dec.  on  given  day  is  22?S7^33%.  or  22?S8^  norths 
and  its  right  ascension    ....'•    ^    •••••    •      1^57^16! 

Sun's  right  ascension'  at  noon  of  the  given  day  is  •    •    •      18. 48. 58 

Approximate  time  of  star's  transit     •' 7*  13. 18 

Correction  from  Tab.  XV.,  ans.  to  7*  13rl8!,  and 4^ 24 r, 
the  var.  of  the  siin's  right  ascension —  1.20 

Apparent  time  of  star's  transit,  or  passage  over  the  meridian     7  •  U  ?58  !^ 

Time,  in  Tab.  L.  ans.  to  lat*  50?  N.,  and  dec. 

22?30C  N.  =      •...•...        7*58? 

5'  x48' 
Tabular  diff.  to  1?  of  lat.  =  Slj  now     '     ,     =  +    4 

Tab.  diff.  to  30^  of  dec.  =  4ii  now  1~^  =  +     1 


arch,  or  time  of  half  the  star's 
continuance  above  the  horizon    .  •    •    •    ss     8t  3?   •    «  8!  3?  0! 

i 

Approx.  time  of  star's  rising,  past  noon  of  Dec.  31st,  1823    23V  8?58! 

Approx.  time  of  star's  setting,  past  noon  of  the  given  day    •  15 1 14?58v 

. '  Example  2.   . 

At  wfiat  times  will  the  star  Siriiis  rise  and  set  January  1st,  1824,  in  lat. 
40?8p'  north,  and  long.  120  degrees,  west  of  the  lAeridian  of  Ghreenirich  ? 

Star's  dec.  on  given  day  is  16?28^53:  or  16?29C  south, 
and  its  right  ascension .../..      6*37r23! 

Sun's  right  ascension  at  noon  of  the  given  day  is   •    •    •     18.43.58 

Approximate  time  of  the  star's  transit     ••••••     1 1. 53. 25 

Corr.  from  Table  XV„  ans.  to  ll*53r25f,  and  4^24r, 

the  var.  of  the  sun's  right  ascension  .     • —     2.11 

Corr.  from  ditto,  ans.  to  long.  120?  west,  and  4'24f  the 

w.  of  the  sun's  right  ascension —     1.28    • 

Appar.  time  of  star's  transit  over  the  given  meridian  •     •     .     1 1^49746' 
Time,  in  Table  L.,  ans.  to  lat.  40?  north,  and 
declination  16?  S.  = 6^56? 

O'  vQft' 

Tab.  diff.  to  1?  oflat.  =  2'.  5  now      qq,      =     +  1 

Tab.  diff.  to  30:  of  dec.  =  2^ ;  now      qq,       =     +  2,  nearly. 

Semunocturnal  arch 6t59?, 

which  being  subtracted  from  12 Meaves 5!  1?  0'. 

Approximate  time  of  the  star's  rising  •    • 6U8T46'. 

Approximate  time  of  the  star's  setting   •••••••    16!50?46! 

K 
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Uemorfc.— The  approximate  t;mes  of  the  rising  and  setting  of  a  fixed 
star  may  be  readily  reduced  to  the  respective  apparent  times  by  the  rule 
given  for  those  of  the  sun,  in  page  126 ;  omitting^  however,  the  first  part, 
or  that  which  relates  to  the  reduction  of  declinatipn :  and,  since  the  fixed 
stars  have  no  sensible  parallax^  the  words  '^horizontal  parallax"  are,  also, 
to  be  omitted  5  thus :— 

•  * 

To  reduce  the  approximate  times  of  rising  and  setting  as  found  in  the 
last  example,  to  the  respective  apparent  times^  the  dip  of  the  horizon  being 
assumed  at  6^30T 

Lat.ofplaceofobserv.40?30'  Nat.  sine  =  6494 
Declin.  of  the  star  =    16. 29     Nat.co-sine=9589 


Sum=     .    .    .     16083    Log.  =     .    4.2064 
Differences     ,      3095    Log.=:     .    3.4907 


Sum=  *.    7.6971 


Half  sum  =3.8485^ 
Horiz.  rcfrac.=33f  +dip  of  horiz.=6^30:=39'30r  Prop.  log.izO.  6587 
(Jonatant  log.  =     .....,...;•.;..     1.1761 


Correction  = 3  M4r  Prop.  log.=:  1.6833^ 

Now,  this  correction  being  subtracted  from  the  approximate  time  of 
rising,  and  added  to  that  of  setting,  shows  the  former  to  be  6t45T2!,  and 
the  latter  16*54r30f 


I 

« 
« 

PaOBLBM   III. 

Given  the  Latitude  of  a  Place,  and  the  Declination  qf  a  Planet,  to  find 

the  Times  of  its  Rising  and  Setting. 

Rule. 

Take,  from  page  IV.  of  the  month  in  the  Nautical  Almanac,  the  times 
of  the  planet's  transits  for  the  days  nearest  preceding  and  follo\>v'ing  the 
given  day,  and  find  their  difference;  then  say,  as  6  days  are  to  this  differ- 
ence, so  is  the  interval  between  the  given  day  and  the  nearest  preceding 


^fi  to  ft  Mmetiori )  Whiefa^  Miiij^  e{)i9iied  by  aMltkitt  M*  stiMaletiim  to 
the  time  of  transit  to  the  neii^est  {iteceding  iky^  ftdtdrcHflj;  ft§  it  is  ihct^Hs^ 
ing  or  deereieisingy  the  sum  or  difference  Will  b€  the  approximate  time  of 
thmdt.  Find  <he  interval  betWedii  th«  tidiCIs  6f  transit  on  tlte  days  nearest 
preceding  and  following  the  given  day ;  and  then  say^  as  the  interval 
blti^ife^ii  the  tlme%  of  trtoslt  is  t6  th^  differehd^  bt  transit  ih  fliat  liitervid^ 
■b  is  the  longitude,  in  time,  to  d  co.rre6tioii ;  Whi<:h,  being  added  to  the  ap- 
proximate time  of  transit  if  the  l6n{^tude  be  west  Uid  Che  trahsii  ificr^asing, 
or  subtracted  if  decreasing,  the  sum  or  difference  will  be  the  apparent  time  of 
the  planet's  transit  over  the  meridian  of*  the  given  place ;  but  if  the  longi- 
tude be  east,  a  contrary  process  is  to  be  observed :  that  is^  the  correction  is 
to  be  subtracted  from  the  approximate  time  of  transit  if  the  transit  be 
inereann{^  but  to  be  added  thereto  if  it  be  decreasing, 

'•       •    •  .    ■ 

To  the  apparent  time  of  transit,  thus  found,  Apply  the  longitHde^  in  timei 

by  addition  or  subtraction,  according  as  it  is  west  or  east  *,  and  the  sum  or 

dtfferefiee  will  be  the  corresponding  time  Ht  Greenlvieh.    To  this  timei  kt 

the  planet's  declination  be  reduced  by  Problem  IIL^  page*  83;  or  as 

thus  :— 

Take,'  from  the  Nautical  Almanac,  th6  plailet's  declinktion  for  t1l6  days 
nearest  preceding  and  following  the  Greenwich  time^  and  find  the  differ- 
ence i  flftd,  also,  the  difference  between  the  (Sre^nwich  time  and  the  nearest 
preceding  day :  then  ^ay,  as  6  days  are  to  the  difference  of  declination^  so 
is  the  difference  betweefi  the  Gfeehwich  time  and  the  nearest  |>tec6dmgf 
.  day^  to  A  correction ;  which,  being  applied  to  the  declinatidil  on  thfe  ntarest 
preceding  day,  by  addition  or  subtraction,  according  as  it  may  be  increas- 
ipg  or  decreasing,. the  sum  or  difference  will  be  the  planet's  correct  declt» 
nation  at  the  time  of  its  transit  over  the  given  meridian.    Now, 

•  • 

With  the  planet's  declination  and  the  latitude  of  the  given  place,  enter 
Table  L.,  and  find  the  corresponding  semidiurnal  arch*  by  Problem  II.,  page 
128;  atid,  thefice,  tht  approximate  times  of  rising  and  settiilg,  in  the  same 
manner  as  if  it  were  &  fl^sed  star  that  was  under  consideration. 


Example  I. 

At  what  times  will  the  pliEmet  Jupiter  rise  and  set,  January  4th,  1824,  in 
latitude  36?  north,  and  longitude  135?  west  of  the  meridian  of  Greenwich  ? 


*  In  ttrictnets  the  lemidittnial  arch  ought  to  be  corrected  by  adding  thereto,  or  sub^ 
tn&cting  therefrom,  the  proportional  part  correspondiug  to  it  and  the  daily  variaSioB.  of 
tnuifit,  accordiog  at  the  traiuit  may  be  increasing  or  decreasing. 

k2 
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Time  of  preced.  trans.  Jan.  1 ,  b  1 1  ^  SSTnearest  prec.  day  1  at,  trans.  1 1 !  38T  0 ! 
Timeof  follow,  trans,  Jan.?)  is  1 1  •   8.  given  day  4th 

As6fistoO*30T,sois  3f  to      -    15T  0! 


Approximate  time  of  transit  on  the  given  day  =     •    •    ••      11^23?0; 
Hme  of  preceding  transit  :=     •    •     1  f  1 1  *38? 
Hme  of  following  transit  =.,7*11*8 


Interval  between  the  times  of  trans.=:5 '23130? 

As  interval  between  times  of  trans.=:5f  23^30?  I  diff.  of 

transit  =  30"  ::  longitude  in  time  =  9*  to  .     •    •      —   1.53 


Apparent  time  of  transit  over  given  merid.  Jan.  4thj  1824  =     1 1  *  21 T  7  ' 
Longitude  135  degrees  west,  in  time  = 9.   0.   0 


Corre8(>onding time  at  Greenwich  =: 20.21*7' 

Planet'8dec.Jan.Hs=239l7'N.;Hear.prec.lf  0*  OTO!  dec.23M7/  O^N. 
Ditto  7  is=23. 20  N.jGr.  tim.=4. 20. 2 1 . 7 


As   efistoO?  3' so  is    .    .  3f20*2lT7'    to     +  1.55 


Jupiter's  dec.  reduced  to  his  app,  time  of  transit  over  the 

given  meridian  = 23?18'55rN. 

Time,  in  Table  L.,  ans.  to  lat.  36?  tiorth,  and  dec.  23?  N.  =     7*  12?  0! 
Tabular  difference  to  30:  of  dec.  =  2'^  now/^'^.^-   =     .+1.16 


Semidiur.  arch,  or  time  of  half  planet's  contin.  above  the  hor.  ==  7  •  13?16 ! 
Apparent  time  of  Jupiter's  transit  over  the  given  meridian  =  11.21.    7 

Approximate  time  of  Jupiter^s  rising  at  the  given  meridian  =     4t  7?51  ? 


Approximate  time  of  Jupiter's  setting  at  ditto  =;   •    •    .    •     18t34?23! 

Example  2. 

At  what  times  will  the  planet  Mars  rise  and  set,  January  16th,  1824, 
in  latitude  40?  north,  and  longitude  140?  east  of  the  meridian  of  Green* 
wich  ? 


DSSGEIPnoK  AMD  USB  OF  TBS  TABUS*  183 

Time  of  preced.  trans.  13th,  1816^54?;  near.prec.dayI3th,tniiis,=:  16^54?  0', 
Time  offoIlow.tran8.19th,  1816. 34;   given  day      16th 


As  6fi8to0?20r,8ois  .'  /  .    3f  to        -     10?  0? 

Ajqproximate  time  of  transit  on  the  g^ven  day  =:     •    •    •    «     16^44?  0! 

'  Interval  between  the  times  of  transit  =  5  f  23^40? 
As  interval  between  times  of  transit  =  5tli3?40!  :  diff*  of 
trans.  ==  20?  ::  long,  in  time  =:  9*20?,  to    .    .    i,    ^        +     1. 18 


Apparent  time  of  trans,  over  given  merid.  Jan.  16th,  1824  =:  16M5?18! 
of  the  given  merid.  ==  140?.  east,  in  time  =:   .^    «      9.20.   0 


^m^ 


Corresponding  time  at  Greenwich  =  •••.••••      7*2S?18!^ 

Dec.ofMar8,Jan.l3,isO?37'S.;near.prec.l3f  Ot  0?  0:decO?37'  OrS. 
Ditto  19,i8l. 11  S.;Gr.time=16.   7.25.18 


As   6fi8to0?34^,8ois    «      3f  7*25?18'.  to. +  18.45 


Dec.  of  Mars  reduced  to  his  apparent  time  of  transit  over 

given  meridian  =      •    % •    0?55C45?S< 


Semidiurnal  arch  in  Table  L,,  answering  to  lat.  40?  N.  and 

dec.  0?55M5rS.,  is  6*2?48!;8ub.  from  12?  leaves  .     .     ;    5!S7?12.' 
Apparent  time  of  the  planet's  transit  over  the  given  meridianz:16. 45. 18 


Approximate  time  of  rising  of  the  planet  Mars  =:    •    •    •     •  10 .  48?  6 .' 


Approximate  time  of  setting  of        ditto  =:    .    •    •    •  22M2?30! 

£emari!r.-^The  approximate  times  of  a  planet's  rising  and  setting  may 
be  reduced  to  the  respective  apparent  times,  by  the  rule  in  page  126,  for 
reducing  those  of  the  sun ;  omitting,  however,  the  first  part,  or  that  which 
relates  to  the  reduction  of  declination,  and  reading  planet's  instead  of  sun's 
horiasontal  parallax :  this,  it  is  presumed,  does  not  require  to  be  illustrated 
by  an  example. 
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Pbobl^m  IV, 

Given  the  Latitude  qfa  PUwe,  and  the  Maon^s  DecUnfLtion,  tojind  tJie 

Times  of  her  Rising  and  Setting. 

Rule. 

Take^  from  page  VI.  of  the  month  in  the  Nautical  Almanac^  the  moon's 
transit,  or  passage  over  the  meridian  of  Greenwich,  on  the  given  day,  aod 
also  her  declination.  Let  the  time  of  transit  be  reduced  to  the  meridian  of 
liie  given  place  by  Tabl^  XXXVI|I.  3  to  which  apply  th§  lof^gitude,  in  tiipp, 
by  addition  or  subtraction,  according  as  it  is  vf^st  or  east }  and  the  s|im,  or 
difference,  will  be  the  corresponding  time  at  Greenwich  :  to  this  time,  let 
ti^e  4efilination  be  reduced  by  Table  XYL^  pr  by  Prohlen)  II.j  p^  SO  ;— 
then. 

With  this  reduced  declination,  and  the  latitude  of  the  given  place,  find 
the  moon's  semidiurnal  arch,  or  the  time  of  half  her  continuance  above  the 
horizon,  by  Problem  II.,  page  128,  and,  thence,  the  approximate  times  of 
rising  and  setting,  in  the  same  manner  precisely  as  if  it  were  a  fixed  star 
that  was  under  consideration :  call  these  the  estimated  times  of  rising  and 
setting* 

To  the  estimated  tiroes  of  rising  and  setting,  thus  fotind,  let  the  longitude, 
in  time,  be  applied  by  addition  or  subtraction,  according  as  it  is  west  or 
east ;  and  the  sum,  or  difference,  will  be  the  corresponding  times  at  Green- 
wich. 

To  these  times  respectively,  let  the  moon's  declination  be  rediiced  by 
T^ble  XVI.,  or  by  Problem  IL,  page  80 ;  with  which,  and  the  latitude^ 
find  the  moon's  semidiurnal  arch  at  each  of  the  estimated  times. 

Tq  the  respective  semidiurnal  arches,  thus  found,  apply  the  corrections 
corresponding  thereto,  and  the  retardation  of  the  moon's  transit  (Table 
XXXVIII.)  by  addition,  and  the  correct  semidiurnal  arches  will  be  ob- 
tained. 

Now,  the  semidiurnal  arch  answering  to  the  estimated  time  of  rising, 
being  subtracted  from  the  moon's  reduced  transit,  will  leave  the  approx- 
imate time  of  her  rising  at  the  given  place ;  and  that  corresponding  to  the 
estimated  time  of  setting,  being  added  to  the  moon's  reduced  transit,  will 
give  the  approximate  time  of  her  setting  at  the  said  place. 

Example  I. 

Required  the  times  of  the  moon's  rising  and  setting,  Jan.  17th,  1824,  in 
latitude  5l?29'.  north,  and  longitude  78?45^  west  of  the  meridian  of 
Greenwich  ? 
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Moon's  transit  over  merid.  of  Greenwich  on  the  g^ven  day  is     13^34?  0! 
Corr.  fr.  Tab.  XXXVIIL^  ana.  to  reterd.  53^  >  and  long.  75  ?  west  +   1 0. 39 

ff 

App.  time  of  moon's  transit  rednced  to  thegiven  meridian  ••     J3t  44*39! 
Longitude  78?4$?  west>  in  time  =r     ••,;«.•    .      5. 15.  0 

Corresponding  time  at  Greenwich •     .     18!59?39! 

Moon's  dec.  red.toGr.  time^byTableXVI.,  is  10?25f30?N. 

Semidiurnal  arch,  in  Table  L.,  answering  to  lat.  51?29^N.j 
«iiddeelinatioalQ?25^N.,i9     ,    .......    .      6^54?  Ot 

Moon's  reduced  transit •••.•••    13. 44.98 

Estimated  time  of  the  moon's  rising •    •      6^50738^^ 

■  '      « 

JEs^imaled  time  of  the  moon's  setting      .«...••    20t38?39! 

To  find  the  approximate  Time  of  Rising  :•— 

EgHmaied  time  of  rising efSOfSS*? 

IWiigitqde  78^45!  west,  in  time  =     .    «    «    .    •    •    .    •    5.15..0. 

Cfareenwicli  time  past  nobn  of  the  given  d»y     , 19*  ^*98V 

Moon's  dec.  reduced  to  Cfreenwich  time,  is  12?I0'53?N; 

Time,inTableL,  8ns.tol8t.5I?29fN.anddec.l2?lIfN,is   7-  3?  O: 
Cofi«ctioi^  Table  XXXVIII.,  ans.  to  53 '.  and  7*3?  ;a      .    .  -h  U*  0 


••-■*•-■' 'I     ■*   "  *. 


Moon's  correct  semidiurnal  arch  at  rising 7^18?  0! 

Moon-s  reduced  transit       •    .    •    • •    •  13i44«39 


1      I        •^rrr^''9% 


Approximate  time  of  moon's  rising 6.26739! 

To  find  the  approximate  Time  qf  Setting  :<» 

JQrtimalted  time  of  setting 20?38r39! 

Longitude  78^45.  west,  ia  time  s: .  .    •    •    «    «    •    •    •      $«  19%  0 


Greenwich  time  past  noon  of  the  18th •       1*53?39' 

Moon's  dec.  reduce^  to  Greenwich  time^  is  8?41  f  1 1?N. 

Time,  in  Table  L.,  answ.  to  lat.  51?29'N.  and  dec.  8?4l  ^N.,  is  6M4?  01 

Correction,TableXXXVlII.,an8.to53^  and6*44r  =   .     .     +   14.   0 


S"       ■■ 


Moon's  correct  semidiurnal  arch  9t  setting 6^58?  0! 

Moon's  reduced  transit •    •     13. 44. 39 

Approximate  time  of  mooti's  Ktting    ,•»•••«•    20i4%*S9i 
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Example  2. 

Required  th^  approxima^te  times  of. the  moon's  rising  and  setting,  Janu- 
ary 20th,  1824^  in  latitude  40?30C  north,  and  longitude  80  degrees  ea^t  of 
the  meridian  of  Greenwich  ? 

Moon's  transit  over  the  merid.  of  Qre^nwich  on  the  given  day  is  16*  6T  0' 
Cor.  fr.  Tab.  XXXVIIL,  ans,  to  retard;  49^  and  long.  80?  east   —  10. 32 

Moon's  transit  reduced  to  the  given  meridian    •    •    «    «    •     15*55T28! 
Longitude  80  degrees  east,  in  time  = •      5.20.   0 

Greenwich  time 10*35T28! 

Moon's  dec.  red.  to  Green,  time,  by  Table  XVL,  is  5  ?55 1 40^S. 

% 

Seminoctumal  arch,  in  Table  L.,  answering  to  lat.  40?30'N. 

and  dec.  5?56CS.  =  6?20r,    subtracted  from  12!,  leaves   5*40?  0! 
Moon's  reduced  transit 15.55.28 

£^imat^d  time  of  the  moon's  rising 10M5T28.' 

£«Hma/ed  time  of  the  moon's  setting 21*35T28' 

To  find  the  approximate  Time  of  Rising  :•— 

EfHinaffid  time  of  rising 10*15^28! 

Longitude  80  degrees,  east,  in  time  r= 5.  20.   0 

Greenwich  time  e= 4*55r28! 

Moon's  dec.  reduced  to  this  time,  is  4?30M9^S. 

Time,  in  Table  L.,  answering  to  lat.  40?30^N.,  and  dec. 

4?31  ^ S.  is  6*  15r,  which,  subtracted  from  12?,  leaves     .  •      5 *45?  0! 
Corr.  Table  XXXVIII.,  answering  to  49C  and  5M5?      .    •     +11.0 

Moon's  correct  semidiurnal  arch  at  rising      •    «    •    •    .    •      5*56?  0! 
Moon's  reduced  transit 15.55.28 

Approximate  time  of  moon's  rising      .....•••      9*59T28t 

To  find  the  approximate  Time  of  Setting  :— 

J&/ima/cd  time  of  setting 21*35?28^ 

Longitude  80  degs.  east,  in  time  =: *     p     •      5*  20.   0 

1^— 

Greenwich  time  = 16*15?28! 

Moon's  dec.  reduced  to  this  time,  is  7?  17^52^S, 
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Tilde,  in  Table  L.,  answering  to  lat«  40?30^N,  and  dee. 

7?18'S.,  is  6^25?,  which,  subtracted  frdm  12%  leaves  •  •  5^35?  0! 

Corr.TableXXXVIII.,  an8.to49Cand  5*35?      .    .    •.•  +11.0 

Moon's  correct  semidiurnal  arch  at  setting   ,••>••«  .5M6?  0! 

Moon's  reduced  transit •    •    •    •    •  15.55.28 


Approximate  time  of  mo6n's  setting 21*41?28! 

■ 

JBtfnuirXr.-rThe  approximate  times  of  the  moon's  rising  and  setting  may 
be  reduced  to  the  respective  apparent  times  by  the  following  rule ;  viz.^ 

Find  the  sum  and  the  difference  of  the  natural  sine  of  the  latitude  and 
the  natural  co-sine  of  the  declination  at  the  estimaied  times  of  rising  and 
setting  (rejecting  the  two  right-hand  figures  from  each  term),  and  find  the^ 
common  log.  answering  thereto,  rejecting  also  the  two  right-hand  figures 
from  each*  Now,  to  half  the  sum  of  these  two  logs,  add  the  constant  log.' 
1. 1761  J*  and  the  proportional  log.  of  the  difference  between  the  horizontal 
parallax  and  the  sum  of  the  horizontal  refraction  and  dip  of  the  horizon : 
the  sum  of  these  three  logs.,  abating  4  in  the  index,  will  be  the  propor-. 
tional  log.  of  a  correction,  which,  being  added  to  the  approximate  time  of 
rising  and  subtracted  from  that  of  setting,  the  respective  apparent  times  of 
rising  and  setting  will  be  obtained  :  thus. 

Let  it  be  required  to  reduce  the  approximate  times  of  risin|^  and  setting, 
as  fimud  in  the  last  example,  to  tiie  respective  apparent  times^  the  dip  of 
the  horizon  being  4 '  501 

Note. — The  moon's  horizontid  parallax  computed  to  the  reduced  eetir 
mated  time  of  rising,  is  59^  6T,  and  that  at  the  reduced  time  of  setting  . 
58:40r 

Latitude       40?30'     Nat.  sine    6494 
Declination     4.31       Nat.co-sine996  9 


Sum     ...    .    .    .     16463  Log 4.2165 

Difference      ....      3475  Log.  ....  3. 5410 

Sum  ...    .  7.7575 

Half  sum     ,    .  3.8787| 

59^6?- 37'30r  (33(  +  4^50r)  =  21  aer    Prop.  log.    .    .  0.9276 

Constant  log 1.1761 

Correction -f    1^32r     Prop.  log.    .    .  1,9824} 

Approximate  time  of  rising  =     9*59'?28f 

Apparent  time  of  moon's  rising  =  1 0 ^   1 T20' 

•  This  is  tbe  proportions!  log^t  of  12  hoari  esteemed  m  miavlet. 
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Latitude        40?30f  Nat  sine      6494    . 
Declination     7.18    Nat.  co-sine  9919 

Sum     ..•••.     16413  Log 4.2152 

Difference     •    .    .    ;      3425  Log 3.5347 


.^^ 


Sum  ....     7.7499 


iV^ 


Half  sum      •    .    3.8749i 
58M0r-37:50r(33:  +  4f50r)  =  20^50r  Prop.  log.    .    .    0.9365 
Constant  log.    .    •    .    .     ; 1.1761 


•*-ip« 


Correption   .    , -  l^SU  Prop.  log.  .    .    l.9875i 

Approximsyte  Unra  of  Mtting  =:  .    31-41?28t 

Ap))areat  time  of  moon's  setting  z:  21  ^39^37  • 

Noff.— >The  direct  method  of  solving  this  and  the- three  preceding  Pro- 
blems, by  spherical  trigonometry,  is  given  in  some  of  the  subsequent  pages 
of  this  work. 


mmm^mm^tmi^tmmm^^ 


Ta^UBS  LI.  AND  LII. 

For  computing  the  Meridional  Altitude  of  a  Celeitial  Object. 

Sinee  it  frequently  happens,  at  sea,  that  the  meridioniJ  «ltitud9  of  the 
sun,  or  other  celestial  object,  cannot  be  taken,  in  consequence  of  the  inter-* 
position  of  clouds  at  the  time  of  its  coming  to  the  meridian  ;  and  since  it 
is  of  the  utmost  importance  to  the  mariner  to  be  provided  at  all  times  with 
the  means  of  determining  the  meridional  altitude  of  the  heavenly  bodies, 
for  the  purpose  of  ascertaining  the  exact  position  of  his  ship  with  re«pcct  to 
latitudei  these  Tables  have  therefore  been  carefully  computed  j|  by  means  of 
whieh  the  meridional  altitude  of  the  sun,  or  any  other  celestial  object  whose 
declination  does  not  exceed  28  degrees,  may  be  very  readily  obtained  to  a 
sufficient  degree  of  accuracy  for  all  nautical  purposes,  provided  the  altitude 
be  observed  within  certain  intervals  of  noon,  or  time  of  transit,  to  be 
governed  by  the  meridional  zenith  distance  of  the  object:  thus, /or  the  mn^ 
the  number  of  minutes  and  parts  of  a  minute  contained  In  the  interval 
between  the  time  of  observation  and  noon,  must  not  exceed  the  number  of 
degrees  and  parts  of  a  degree  contained  in  the  object's  meridional  zenith 
distance  at  the  place  of  observation.  And  since  the  meridional  zenith  dis- 
tance of  a  celestial  object  is  expressed  by  the  difference  between  the  lati-^ 
tude  and  the  declin^tioi)  when  they  nr^  of  the  9W\^  natne^  or  by  their  sum 
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vAnen  of  emirary  natnet ;  therefore  the  eactent  of  the  Interral  from  noon 
(within  whleh  the  altitude  should  he  observed)  maybe  determined  hy* 
aeana  of  the  diffierenee  between  the  latitude  and  the  deelinadon  when  they 
are  boll^Borth  or  both  south,  or  by  their  sum  when  one  Is  north  and  the ' 
other  south.    Thus,  if  the  latitude  be  40  degrees,  and  the  declination  8 
degrees,  both  of  the  same  name,  the  interval  between  the  time  of  taking 
the  altitude  and  noon  must  not  esccecd  92  minutes ;  but  if  they  be  of  differ- 
ent names,,  the  altitude  may  be  taken  at  any  time  within  48  minutes  before 
or  lAor  noon  a  if  the  latitude  be  60  degrees,  and  tbt  deeUnatlon  10  dogroas, 
both  of  the  «ame  name>  the  interval  between  the  time  of  ohservaticn  mi 
noon  ought  not  to  exceed  50  minutes ;  but  if  one  be  north  and  Ae  otl^er . 
souths' die  interval  may  be  extended^  if  necessary,  to  70  minutes  before  or 
after  noon,  and  so  on. 

The  limits  within  which  the  altitudes  of  the  other  celealial  olyecta  ahoidd 
\m  fibBerved,  m^y  be  d«t^rmiiw«l  in  (be  aame  mvmer  i  taluQg  <mu«4  haw* 
cfvei^  to  estimate  the  interval  from  the  time  of  transit  or  passage  over  tb^ , 
aaridJan^  instead  of  from  noon. 

Now,  if  the  altitude  of  the  sun  or  oliher  celestial  object  be  observed  mi 
any  time  within  the  limits  thus  preaoribed,  and  the '  time  of  observatlot]^ 
be  ^ar^ly  noted  by  a  well-^regulatod  watcb^  the  meridional  altitude  of 
soch  object  may  then  be  readily  determined^  to  every  desirable  degree  of 
accuracy,  by  the  following  rule ;  viz., 

Enter  Table  LI.  or  LIL,  according  aa  the  latitude  and  the  declination 
are  of  the  same' or  of  contrary  names,  and  wiih  the  latitude  in  the  side 
oohuany  and  the  declination  (reduced  to  the  meiidian  of  the  plMi  of  ob- 
servalkm)  at  the  top  or  bottom ;  take  out  the  corresponding  coiteotioa  in 
seconds  and  thirds,  which  are  to  be  esteemed  as  mmk^  ond  9$C(mdi  ;«— 
then, 

To  the  proportional  loff«  of  this  qorrQction^*  add  twice  the  proportional 
loi;.  pf  the  interval  between  the  time  of  observation  and  poon,  or  time  of 
tnmi^t,  and  tbe  con9tant  log.  7-  3730 ;  a)ad  the  sum  will  he  the  proportional 
lfC«  of  a  correction,  which^  being  added  to  the  true  altitude  deduced  from, 
observation,  mil  give  the  correct  meridional  altitude  of  the  object. 

Note  I . — In  taking  out  the  numbers  from  Tables  Ul*  <md  IM*%  propor(ici| 
must  be  made  for  the  excess  of  the  given  latitude  and  declination  above 
the  next  less  tabular  arguments. 


*  When  the  object  either  comes  to,  or  within,  one  degree  of  the  zenith,  the  ang^Ie  of 
mcelinif  made  hy  the  latitude  and  declination  wiU  fall  within  the  zi|^a|^  doublie  lines 
whkk  mm  tkfoogh  th^  body  of  Table  LI.,  sad  through  the  «p|>er  Isft-hsod  oomcr  ef  Tsble 
m  I  in  this  GM^t  *u^^  *^  interval  between  the  time  «f  ohseruitai  sad  wmo»  or  laeri-. 
diooal  pauage,  must  pot  exceed  gas  minute,  the  corres^jtooding  nu^iber  will  be  the  OQrrec- 
tion  uf  altitude  direct,  hidcpendcntly  of  any  cslculstton  whatever. 
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.  2. — ^The  interval  between  the  time  of  observation  and  noon  may  be 
always  knowi)  by  means  of  a  chronometer^  or  any  well-regulated  watch ; 
making  proper  allowance^  however^  for  the  time  comprehended  under  the 
change  of  longitude  since  the  last  observation  for  determining  the^rror  of 
such  watch  or  chronometer. 


Example  1. 

In  latitude  45?  norths  at  34T40!  before  noon^  the  sun's  true  altitude  was 
found  to  be  54?  12' 49^,  when  his  declination  was  10?  north;  required  the 
meridional  altitude  ? 

Corr.  in  Table  U.,  ans.  to  lat  45?  and  dec,  10?,  is  2r23*',  1 5 

the  propor.  log.  of  which  is 1 .  8778 

Interval  between  time  of  obs.  and  noon,  34T40!,  twice  prop.  log.=  l.  4308 
Constant  log. •     7-2730 

Correction  of  altitude    .    .    0?47'10r        Prop.  log.  =     .    «    0.5816 
'{'rue  alt.  at  time  of  observ.    54. 12. 49 

Sun^s  meridional  altitude       54?59.59^;  which  is  but  one  second  less 
than  the  truth. 

Example  2. 

In  latitode  48?  north,  at  1  *5?48!  past  noon,  the  sun's  true  altitude  was 
found  to  be  20?25^5^,  when  his  declination  was  20  degs.  south;  required 
the  meridional  altitude  ? 

Corr.  in  Table  LII.,  answering  to  lat.  48?N.  and  dec.  20?S.,  is 

irl9^9,  the  propor  log.  of  which  is 2.1308 

Interval  between  time  of  obs.  and  noon  1*5T48!,  twice  prop.  Iog.=:0. 8740 
Constant  log 7.2730 

Correction  of  altitude     .     .       1?34^57^        Prop,  log,  =       .    0.2778 
True  alt.  at  time  of  observ.     20. 25.   5 


Sun's  meridional  altitude    •     22?  0'   2V;  which  is  but  two  seconds  more 
than  the  truth, 

JSxample  3. 

At  sea,  March  22d,  1824,  in  latitude  51?  16^  north,  at  50^32*.  past 
noon,  the  sun's  true  altitude  was  found  to  be  38?20^56^  ;  required  the 
meridional  altitude,  the  declination  being  0?43'5K  north  ? 
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C^.  in  Table  LI.^  answering  to  lat.  5 1  ?  1 6  C and  dec.  0?43 '  5  K 

is  K35^.  6,*  the  propor.  log.  of  which  is   ...•..•  2.0530 
Interval  between  time  of  obs.  and  npop  50?32!9  twice  prop,  log.s  1. 1034 

Constant  log.      • 7.2730 

Correction  of  altitude  .     .       I?  6^58r         Prop.  log.  s     .    .  0.4294 
True  alt.  at  time  of  observ.     38.  20. 56 


Sun's  meridional  altitude   .    39? 27 '54^;  which  differs  but  three  seconds 
from  the  truth. 

'Example  4. 

At  sea,  December  21st,  1924,  in  latitude  60?22;  north,  at  10?36rl0! 
A.M.,  or  1*23T50!  before  noon,  the  sun's  true  altitude  was  found  to  be 
4?  26  ^38^;  required  his  meridional  altitude,  the  declination  being 
23?27'45r  south? 

Corr.  in  Table  LIL,  ans.  to  lat.  60*22^  and  dec.  23?27U5r, 

is  0^53*'.  S,t  the  propor.  log.  of  which  is  ....:.  2.3026 
Intenral  between  time  of  obs.  and  noon  l*23?50!,'twiceprop.log.s0.6638 
Constant  log 7.2730 

Correction  of  altitude     .     .     l?43U3r         Prop.  log.  =     •. .    0.2394 
True  alt.  at  time  of  observ.      4. 26. 38 


Sun's  meridional  altitude     .    6?10'2K;  which  differs   but  six  seconds 
from  the  truth. 

After  this  manner  may  the  meridional  altitude  of  the  moon,  a  planet,  or 
a  fixed  star  be  obtained,  when  the  declination  does  not  exceed  the  limits  of 
the  Table. 

Remarksy  ^c. 

Prom  the  above  examples  it  is  manifest,  that  by  means  of  the  present 
Tables  the  meridional  altitude  of  a  celestial  object  may  be  readily  inferred 


♦  Corr.  to  lat.  50o  and  dfec.  0«  « 1"  38^''.  8 

DiflF.  to  2°  lat.  =  6".  8;  now,  6'".  8x76'+ 120'    =     -    4    .3 
Diff.  to  1°  dec.  =   r".5;  now,  r".5)c44'+60'    =     +     1    .1 


Corr.  to  lat.  50032' and  dec,  0<'43'5r' «   .....  r35"'.6 

t  Corr.  to  lat.  60©  and  dec.  23°   « 0*  64"'.  6 

Diff.  to  20  lat.  =rr  3"'.  5  ;  now  3'".  5  x  22'+ 120'  =.   .    .  -0.6 

Diff.toPdec.-0'".5;nowO'".5x28'+  60'=   .    .  -    0    .2 


Corr.  to  lat.  60'W  and  dec,  23**27'45''  a      .    .    •    .    0"  W" .  8 
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from  its  true  altitude  observed  At  k  known  interval  from  noon  (within  iht 
iimitu  before  prescribed),  with  all  the  accumey  to  be  desired  in  nautical 
operations ;  and  that  it  it  immaterial  whether  the  observation  is  made  before 
or  after  noon,  or  time  of  transit,  provided  the  time  be  but  correctly  known  $ 
and,  since  most  ^ea-going  ships  are  furnished  with  chronometers^  there  can 
be  but  very  littl6  difficulty  in  ascertaining  the  apparent  time  to  within  a 
few  seconds  of  the  truth. 

It  is  to  be  observed,  however,  that  the  nearer  to  noon  or  time  of  transit 
the  observation  is  made,  the  less  susceptible  will  it  be  of  being  affetted  by 
any  error  in  the  time  indicated  by  the  watch  :  thus,  in  example  4,  where  the 
interval  or  time  from  noon  is  1?2S?50?,  an  error  of  one  minute  in  that 
interval  would  produce,  an  error  of  2|  minutes  in  the  ami's  meridional 
altitude;  but  if  the  observation  had  been  made  within  a  quarter  of  an  hour 
of  noon,  an  error.  o( Jive  minutes  in  the  time  would  scarcely  affect  the  meri*> 
dional  altitude  to  the  value  of  2  minutes :  hencie.  it  is  evident,  that  although 
the'  observation  may  be  safely  made  at  any  time  from  noon  to  the  full  extent 
of  the  interval,  when  dependance  can  be  placed  on  the  time  shown  by  the 
watch,  yet  when  there  is  any  reason  to  doubt  the  truth  of  that  time,  it  will 
be  advisable  to  take  the'  altitude  as  near  to  noon,  or  the  time  of  tfaiisit,  ad 
circumstances  may  render  convenient. 

In  all  narrdw  seas  trending  in  an  easterly  or  westerly  direction,  where 
the  meridional  altitude  of  a  celestial  object  is  of  the  greatest  consideration, 
such  as  in  the  British  Channel,  the  mariner  will  do  well  to  avail  hiiUtelf  of 
this  certain  method  for  its  actual  determination ;  particularly  during  the 
winter  months,  when  the  sun  is  so  very  frequently  obscured  by  clouds  at  the 
time  of  its  coming  to  the  meridian. 

These  Tables  were  computed  by  the  following  rule;  vi^^ 

To  the  constant  log.  0. 978604,*  add  the  log.  co-sines  of  the  latittJdd  and 

the  declination ;  the  sum,  rejecting  20  from  the  index,  will  be  the  log.  of  a 

natural  number,  which,  being  subtracted  from  the  natural  co-sin6  of  the 

difference  between  the  latitude  and  the  declination,  when  they  are  of  the 

same  name,  or  from  that  of  their  sum  if  of  contrary  names,  will  leave  the 

natural  co-sine  of  an  arch ;  now,  the  difference  between  this  arch,  and  the 

difference  or  sum  of  the  latitude  and  the  declination,  according  as  they  are 

of  the  same  or  of  contrary  names,  will  be  the  change  of  altitude  in  one 

minute  from  noon. 

Example  1. 

Let  the  latitude  be  IS  degrees,  and  the  declination  of  a  celestial  object  2 
degrees,  both  of  the  same  name;  required  the  variation  or  change  of  altitude 

m  one  minute  from  noon  ? 

---  ■  .,-,- 

*  This  if  the  log.  versed  sine,  or  log.  risiog,  of  one  mlaute  of  time. 
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Constant  log.  =: .    .    .    "     0.978604 

Ijatitude=     .     13  degrees.  Log.co-sine.    9.98.8724 

DtelfniitSon  !=:      2  degrees.  Log.co-stne.   '9.999735 

J>iffineiice  =:       11  defreet»  Nat.  co<4ine=9816[27 

Nat.  numbers         9. 269sLog*  0. 967068 

Aich    =    .    .  II?  O'.lOf  =  Nat.co.i.=981617.73I 

■  ' 

«  • 

IMlllmnce  ^   .    0?  0!  10? ;  which^  therefore^  is  the  change  of  altihid^  in 
one  minute  from  nooii. 


XxompU  2. 

Let  the  latitude  be  40  degrees^  and  the  declination  of  a  celestial  object 
8  degrees,  of  a  contrary  name  to  that  of  the  latitude ;  required  the  tariadoii 
or  change  of  altitude  in  one  minute  from  noon  ? 

e 

Constant  log.  = 0.978604 

liBtitade    =:    40  degrees.  Log.  co*rine  '  •    9. 884254^ 

Declination  =:     8  degrees.  Log.  co-sine  •    9. 99S75S 

Sum  r=    •    .    48  degrees.  Nat  co-sine=:6691Sl 

Nat.  num.  =  7*  221  Log.=:0. 85861 1 

Arch  r:    .    •    489  01  2rr:Natxo.sine=66912S.  779 


IXflbrence  =:      0?  0'.  2? ;  which,  therefore,  is  the  change  of  altiuriie  in 
one  minute  from  noon. 

It  is  to  be  observed,  however,  that,  with  the  view  of  introdocing  every 
possible  degree  of  accuracy  into  the  present  Tables,  tiie  natural  and  log. 
co-sines,  &c.,  employed  in  their  construction,  have  had  their  reqpeetive 
numbers  extended  to  seven  places  of  dedmails. 

Nt>fe.— The  difference  between  the  meridional  altitude  df  a  celestial 
object  and  its  altitude  at  a  given  interval  from  noon,  is  found,  by  actual 
observation,  to  be  very  nearly  proportional  to  the  square  of  that  interval, 
under  certain  limitations,  as  pointed  out  in  page  138 ;  and  hence  the  rule, 
in  page  139,  for  computing  the  meridional  altitude  of  a  celestial  objeet. 
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Tablb  LIII. 

The  Miles  and  Parts  of  a  Mile  in  a  Degree  of  Loiigitude  at  every   . 

Degree  of  Latitude. 

This  Table  consists  of  seven  compartments :  the  first  column  in  each 
compartment  contains  the  degrees  of  latitude,  and  the  second  column  the 
miles  and  parts  of  a  mile  in  a  degree  of  longitude  corresponding  thereto. 
In  taking  out  the  numbers  from  this  Table,  proportion  is  to  be  made,  as 
usual,  for  the  minutes  of  latitude ;  this  proportion  is  subtractive  from  the 
miles,  &c.,  answering  to  the  given  degree  of  latitude. 

Example. 

Required  the  number  of  miles  contained  in  a  degree  of  longitude  in 
latitude  37^48'.  ? 

Miles  in  a  degree  of  longitude,  in  latitude  37  degrees  =   .  •    •    •    47*  92 

Diflference  to  1  degree  of  latitude  =  .  64 ;  now  —^^f—  =       -       .51 

ou 


Miles  in  a  degree  of  long,  in  latitude  37  degs.  48  min.,  as  required^  47*  41 

i?emarlc«,— Since  the  difference  of  longitude  between  two  places  on  the 
earth  is  measured  by  an  arch  of  the  equator  intercepted  between  the  meri- 
dians of  those  places ;  and  since  the  meridians  gradually  approach  each 
other  from  the  equator  to  the  poles,  where  they  meet,  it  hence  follows  that 
the  number  of  miles  contained  in  a  degree  of  longitude,  will  decrease  in 
proportion  to  the  increase  of  the  latitude;  the  ratio  of  decrease  being  as 
radius  to  the  co-sine  of  the  latitude.  Now,  since  a  degree  of  longitude  at 
the  equator  contains  60  miles,  w^  have  the  following  rule  for  computing 
the  present  Table ;  viz., 

As  radius  is  to  the  co-sine  of  the  latitude  of  any  given  parallel,  so  is  the 
measure  of  a  degree  of  longitude  at  the  equator  to  the  measure  of  a  degree 
in  the  given  parallel  of  latitude. 

Example. 

Required  the  number  of  miles  contained  in  a  degree  of  longitude  in  the 
parallel  of  latitude  37  degrees  ? 

As  radius  .  •  90  degrees  Log.  sme  =  .  .  10. 000000 
Is  to  latitude  =  37  degrees  Log.  co-sine  .  •  9.  902349 
So  is      .    •    .    60  miles  Log.  =     .     .    .       1.778151 


To      ....    47. 92  miles     Log.  =     .     .    .       1.680500; 

Hence  the  measure  of  a  degree  of  longitude  in  the  given  parallel  of  lati- 
tude, is  47. 92  miles. 
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Tablb  LIV. 

Proportional  Miks  for  constructing  Marine  or  Sea  Charts. 

In  this  Table  the  parallels  of  latitude  are  ranged  in  the  upper  horizontal 
eolumn,  beginning  at  0?,  and  numbered  10?,  20?,  30?,  &c.,  to  89?  ;  the 
horizontal  column  immediately  under  the  parallels  of  latitude  contains  the 
number  of  miles  of  longitude  corresponding  to  each  parallel's  distance 
from  the  equator ;  under  which,  in  the  horizontal  column  marked  "  Differ- 
ence of  the  Parallels,  &c.,"  stands  the  number  of  miles  of  longitude  con- 
tained between  the  parallel  under  which  it  is  placed  and  that  immediately 
preceding  it.  t 

The  left-hand  vertical  column  contains  the  intermediate  or  odd  degrees 
of  latitude,  from  0?  to  10?  j  opposite  to  which,  and  under  the  respective 
parallels  of  latitude,  will  be  foimd  the  number  ofrmiles  of  longitude  corre- 
sponding to  each  degree  of  latitude  in  those  parallels :  these  are  intended 
to  facilitate,  and  render  more  accurate,  the  subdivision  of  the  different 
parallels  of  latitude  into  degrees  and  minutes. 

To  make  a  Chart  of  the  World,  in  which  the  Parallels  of  Latitude  and 

Longitude  are  to  consist  of  10  Degrees  each. 

Draw  a  strxught,  or  meridian,  line  along  the  right  hand,  or  east  margin  of 
the  paper  intended  to  receive  the  projection;  bisect  that  line,  and  from  the 
point  of  bisection  draw  a  straight  line  perpendicular  to  the  former,  which 
continue  to  the  left-hand  or  west  margin  of  the  paper,  and  it  will  represent 
the  equator. 

From  any  diagonal  scale  of  convenient  size  take  600  miles  in  the  com- 
passes (the  number  of  miles  of  the  equator  contained  in  10  degrees  of 
longitude),  and  lay  it  off  from  the  point  of  bisection  along  the  equator, 
and  it  will  graduate  it  into  36  equal  parts  of  10  degrees  each;  through 
which  let  straight  lines  be  drawn  at  right  angles  to  the  equator,  and  parallel 
to  that  drawn  along  the  right-hand  'margin,  and  they  will  represent  the 
meridians  or  parallels  of  longitude.  Take,  from  the  same  scale,  60  miles - 
in  the  compasses,  and  it  will  subdivide  each  of  those  36  divisions,  or  paral- 
lels of  longitude,  into  ten  equal  parts  consisting  of  one  degree  each ;  and 
then  will  the  equator  be  divided  into  360  degrees  of  60  miles  each. 

On  the  meridian  lines  drawn  along  the  right  and  left-hand  margins  of 
the  paper,  let  the  parallels  of  latitude  be  laid  down,  as  thus : — ^For  the  first 
parallel,  or  10  degrees  from  the  equator,  take  603. 1  miles  in  the  compasses 
(found  in  the  horizontal  column  immediately  under  the  parallels  of  latitude, 
and  marked  ^^  Ditto  in  miles  of  the  Equator^  &<^»")}  p'^^  one  foot  on  the 

L 
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equator,  and  where  the  other  falls  upon  the  right  and  left-hand  marginal 
lines,  when  turned  northward  and  southward,  there  make  points  ;  through 
which  let  straight  lines  be  drawn  parallel  to  the  equator,  and  they  will 
represent  the  parallels  of  latitude  at  IQ  degrees  north  and  south  of  the 
equator:  in  the  same  manner,  for  20  degrees,  lay  off  1225. 1  miles;  for 
30  degrees,  1888. 4  miles ;  for  40  degrees,  2622. 6  miles,  and  so  on. 

But  since  the  common  compasses  are  generally  too  small  for  taking  off 
such  high  numbers,  it  will  be  found  more  convenient  to  lay  down  the  paral- 
lels of  latitude  by  the  numbers  contained  in  the  third  horizontal  column, 
or  that  marked  "  Difference  of  the  Parallels,  &c."  Thus,  for  10  degrees, 
take  603. 1  miles  in  the  compasses ;  place  one  foot  on  the  equator,  and 
with  the  other  make  points  north  a[nd  south  thereof  on  the  east  and  west 
marginal  lines,  through  which  let  straight  lines  be  drawn,  and  they  will 
represent  the  parallels  of  latitude  at  10  degrees  north  and  south  of  the 
equator.  From  these  parallels  respectively,  lay  off  622. 0  miles,  by  placing 
one  foot  of  the  compasses  on  the  respective  parallels  and  the  other  on  the 
east  and  west  marginal  lines ;  through  the  points  thus  made  by  the  com- 
passes draw  straight  lines,  and  they  will  represent  the  parallels  of  latitude 
at  20  degrees  north  and  south  of  the  equator.  From  the  parallels,  thus 
obtained,  lay  off  663. 3  miles,  and  the  parallel  of  30  degrees  ^^ill  be  deter- 
mined: thence  lay  off  734.2  miles,  and  it  will  show  the  parallel  of  40 
degrees ;  and  so  on  for  the  succeeding  parallels. 

The  numbers  for  subdividing  those  parallels  will  be  found  in  the  vertical 
columns  under  each  respectiiiely,  and  are  to  be  applied  as  follows;  thus,  to 
graduate  the  parallel  between  50  and  60  degrees  :  take  94. 3  miles  in  the 
compasses,  and  lay  it  off  from  50  degrees  towards  60  degrees,  and  it  will 
give  the  parallel  of  5 1  degrees ;  from  which  lay  off  96. 4  miles,  and  it  will 
show  the  parallel  of  52  degrees;  from  this  lay  off  98.6  miles,  and  the 
parallel  of  53  degrees  will  be  obtained ;  and  so  on  of  the  rest.  In  the 
same  manner  let  the  other  parallels  of  latitude  be  subdivided ;  then  let  the 
parallels  of  latitude  be  numbered  along  the  east  and  west  marginal  columns, 
from  the  equator  towards  the  poles,  according  to  the  number  of  degrees 
contained  in  that  arc  of  the  meridian  which  is  intercepted  between  them 
and  the  equator,  as  10?,  20?,  30?,  40?,  &c.  &c.;  and  let  the  parallels 
of  longitude  be  numbered  at  the  top  and  bottom,  and  also  along  the 
equator ;  these  are  to  be  reckoned  east  and  west  of  the  first  meridian,  as 
10?,  20?,  30?,  40?,  &c.,  to  180?,  both  ways ;  and  since  the  first  meridian  is 
entirely  arbitrary,  it  may  be  assumed  as  passing  through  any  particular 
place  on  the  earth,  such  as  Greenwich  Observatory :  then  will  the  chart  be 
ready  for  receiving  the  latitudes  and  longitudes  of  all  the  principal  places 
on  the  earth,  and  which  are  to  be  placed  thereon  by  the  following  rule ; 


VIZ., 


Lay  a  ruler  over  the  given  longitude  found  at  the  top  and  bottom  of  the 
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• 

chart,  and  with  a  pair  of  compasses  take  the  latitude  from  the  east  or  we§t 
marginal  columns  ;  which  being  applied  to  the  edge  of  the  ruler,  placing 
one  foot  on  the  equator  or  on  the  parallel  that  the  latitude  was  counted 
from,  the  other  foot  turned  north  or  south  according  to  the  name  of  the 
iatitode»  will  point  out  or  fall  upon  the  true  position  of  the  given  latitude 
and  longitude. 

'From  what  has  been  thus  laid  down,  the  manner  of  constructing  a  chart 
for  any  particular  place  or  coast  must  appear  obvious, 

JVbfe.-^incc  this  Table  is  merely  an  extract  from  the  Table  of  Meridi- 
onal parts,  the  reader  is  referred  to  page  1 13  for  the  method  of  computing 
the  diflTerent  numbers  contained  therein. 


Tablb  LV. 

Tojind  the  Distance  of  Terrestrial  Objects  at  Sea. 

If  W  observer  be  elevated  to  any  height  above  the  level  of  the  earth  or 
sea,  he  can  not  only  discern  the  distant  surrounding  objects  much  plainer 
than  lie  could  when  standing  on  its  surface,  but  also  discover  objects 
which  are  still  more  remote  by  increasing  his  elevation.  Now,  although 
the  great  irregularity  of  the  surface  of  the  land  cannot  be  subjected  to  any 
definite  rule  foi*  detern^ining  the  distance  at  which  objects  may  be  seen 
from  difiFerent  elevations ;  yet,  at  sea,  where  there  is  generally  an  uniform 
curvature  of  the  water,  on  account  of  the  spherical  figure  of  the  earth,  the 
distance  at  which  objects  may  be  seen  on  its  surface  may  be  readily 
obtained  by  means  of  the  present  Table ;  in  which  the  distance  answering 
to  the  height  of  the  eye,  or  to  that  of  a  given  remote  object,  is  expressed 
in  nautical  miles  and  hundredth  parts  of  a  mile ;  allowance  having  been 
made  for  terrestrial  refraction,  in  the  ratio  of  the  one-twelfth  of  the  inter- 
cepted arch. 

Note, — ^The  distance  between  two  objects  whose  heights  are  given,  is 
found  by  adding  together  the  tabular  distances  corresponding  to  those 
heights.  And,  when  the  given  height  exceeds  the  limits  of  the  Table,  an 
aliquot  part  thereof  is  to  be  taken  ;  as  one  fourth,  one  ninth,  or  one  six- 
teenth, &c. ;  then,  the  distance  corresponding  thereto  in  the  Table,  being 
multiplied  by  the  square  root  of  such  aliquot  part,  viz.,  by  2,  3,  or  4,  &c., 
according  as  it  may  be,  will  give  the  required  distance. 


l2 
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Example  1. 

The  look-out  man  at  the  mast-head  of  a  man-of-war,  at  an  elevation  of 
160  feet  above  the  level  of  the  sea,  saw  the  top  of  a  light-house  in  the 
horizon  whose  height  was  known  to  be  290  feet ;  required  the  ship's  dis- 
tance therefrom  ? 

The  distance  answering  to  160  feet  is     •     •     14. 57  miles. 
Ditto  to  290  feet  is     .    .     19. 62  do. 


Required  distance  =s 34. 19 miles; 

which,  therefore,  is  the  ship's  distance  from  the  light-house. 

Example  2. 

The  Peak  of  TeneriflFe  is  about  15300  feet  above  the  level  of  the  sea;  at 
what  distance  can  it  be  seen  by  an  observer  at  the  mast-head  of  a  ship, 
supposing  his  eye  to  be  170  feet  above  the  level  of  the  water? 

One  ninth  of  15300  is  1700,  answering  to  which  is  47*50  miles ;  this 
being  multiplied  by  3  (the  square  root  of  one  ninth)  gives  142. 50  miles. 
Distance  ans.  to  170  feet  (height  of  the  eye)  is      .       15. 03  do. 

Required  distance  r= 157*  53  miles. 

Remark  1. — Since  the  distances  given  in  this  Table  are  expressed  in 
nautical  miles,  whereof  60  are  contained  in  one  degree,  and  there  being 
69. 1  English  miles  in  the  same  portion  of  the  sphere ;  if,  therefore,  the 
distance  be  required  in  English  miles,  it  is  to  be  found  as  follows ;  viz., 

As  60,  is  to  69.1;  so  is  the  tabular  distance  to  the  corresponding  distance 
in  English  miles;  which  may  be  reduced  to  a  logarithmic  expression,  as 
thus : — 

To  the  log.  of  the  given  tabular  distance,  add  the  constant  logarithm 
0. 061327,*  and  the  sum  will  be  the  log.  of  the  given  distance  in  English 
miles. 

Example. 

Let  it  be  required  to  reduce  167. 53  nautical  miles  into  English  miles  ? 

Given  distance  in  nautical  miles  =  157-53,  log.  =    2.  197364 
Constant  log 0.061327 

Distance  reduced  to  English  miles  181. 42  =  Log.  =  2.  25S69I 


•  TheloR.of  69. 1  =  1. 83Si478,  less  the  log.  of  (JO  «  1. 778151  is  0. 061327 ;  wbich,  there- 
fore,  is  the  ooiJtiBtaat  logarithm. 
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The  converse  of  this  (that  is^  to  reduce  English  miles  into  nautical  miles^) 
must  appear  obvious. 

Remark  2. — ^This  Table  was  computed  by  the  following  rule ;  viz.^ 

To  the  earth's  diameter  in  feet,  add  the  height  of  the  eye  above  the 
level  of  the  sea,  and  multiply  the  sum  by  that  height;  then^  the  square  root 
of  the  product  being  divided  by  6080  (the  number  of  feet  in  a  nautical 
mile),  will  give  the  distance  at  which  an  object  may  be  seen  in  the  visible 
horizoD,  independent  of  terrestrial  refraction.  This  rule  may  be  adapted 
to  logarithms,  ais  thus : — 

Let  the  earth's  diameter  in  feet  be'  augmented  by  the  height  of  the  eye ; 
then,  to  the  log.  thereof  add  the  log.  of  the  height  of  the  eye ;  from  half 
the  sum  of  these  two  logs,  subtract  the  constant  log.  3.  783904,*  and  the 
remainder  will  be  the  log.  of  the  distance  in  nautical  miles,  which  is  to  be 
increased  by  a  twelfth  part,  of  itself,  on  account  of  the  terrestrial  refirac- 
tion. 

Example. 

At  what  distance  can  an  object  be  seen,  in  the  visible  horizon,  by  an 
observer  whose  eye  is  elevated  290  feet  above  the  level  of  the  sea  ? 

Diameter  of  the  earth  in  feet  =  4 1804400 

Height  of  the  eye    ....  290    Log.s     2.462S98 


Smn= 41804690  Log.=  7-621225 

Sum  .  10. 083623 


Half  sum  5.0418111 
Constant  log.  = :    .    3.783904 

Distance  uncorrected  by  refraction    18.11 =Log.  =     1 .  2379071 
Add  one-  12th  part  on  ace,  of  refrac,  1.51 

Distance,  as  required  =     •    •    .     19. 62  nautical  miles. 

^ote. — For  the  principles  of  this  rule,  see  how  the  distance  of  the  visible 
horizon,  expressed  by  the  line  O  T,  is  determined  in  page  5. 


Thii  is  the  log^.  of  60S0^  the  number  of  feet  in  a  nautical  mile. 


150  bbsckiption  and  usb  of  the  tables. 

Table  LVI. 

To  reduce  the  French  Centesimal  Division  of  the  Circle  into  the  English 
Sexagesimal  Division;  or^  tor  educe  French  Degrees,  §*c.,  into  English 
Degrees,  ^c,  and  conversely. 

This  Table  is  intended  to  facilitate  the  reduction  of  French  degrees  of 
the  circle  into  English  degrees,  and  conversely.  The  Table  is  divided  into 
two  parts :  the  first  or  upper  part  exhibits  the  number  of  English  degrees 
and  parts  of  a  degree  contained  in  any  given  number  of  French  degrees 
and  parts  of  a  degree ;  and  the  second  or  lower  part  exhibits  the  number 
of  French  degrees,  &c.,  contained  in  any  given  number  of  English 
degrees,  &c. 

No(f  •— In  the  general  use  of  this  Table,  when  any  given  number  of 
Freneh  degrees  exceeds  the  limits  of  the  first  part,  take  out  for.  100  degrees 
first,  and  then  for  as  many  more  as  will  make  up  the  given  number;  and, 
when  any  given  number  of  English  degrees  exceeds  the  limits  of  the  second 
part,  take  out  for  90  degrees  first,  and  then  for  as  many  more  as  will  make 
up  the  given  number. 

Example  1. 

If  the  distance  between  the  moon  and  a  fixed  star^  According  to  the 
French  division  of  the  circle,  be  128  ?  93  ^96^,  required  the  distance  agree- 
ably to  the  English  division  of  the  circle  ? 

100  French  degr^s  are  equal  to  ..  90?  0'  Of    English. 

28  Ditto  are  equal  to  .     •  25. 12.   0  do. 

93  French  minutes  are  equal  to  •     •      0. 50. 13  •  20  do. 

96  French  seconds  are  equal  to  •    •      0.   0.31  .10  do. 

Distance  reduced  to  English  degs.,  as  required  116?  2M4^.S0 

Example  2. 

If  the  distance  between  the  moon  and  sun,  according  to  the  English 
division  of  the  circle,  be  116?53'47^>  required  the  distance  agreeably  to 
the  French  division  of  the  circle  ? 

90  English  degrees  are  equal  to  .  .  100?  0'  0^  French. 

26         Ditto             are  equal  to  .  .  28. 88. 88   .  89  do. 

53  English  minutes  are  equal  to  .  .  Q.  98. 14   .  81  do. 

47  English  seconds  are  equal  to  .  .  0.    1.45   .06  do. 

Distance  reduced  to  French  degs.  as  required  s  129?88:48''.  76 
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jRemark  1 . — ^I'his  Table  was  computed  in  conformity  with  the  following 
considerations  and  principles ;  viz., 

The  French  writers  on  trigonometry  have  recently  adopted  the  cente- 
simal division  of  the  circle,  as  originally  proposed  by  our  excellent  coun* 
tryman  Mr.  Henry  Briggs,  about  the  year  1600.  In  this  division,  the 
circle  is  divided  into  400  equal  parts  or  degrees,  and  the  quadrant  into  100 
equal  parts  or  degrees;  each  degree  being  divided  into  100  equal  parts  or 
minutes,  and  each  minute  into  100  equal  parts  or  seconds :  these  degrees, 
&c.  &c.,  are  written  in  the  usual  manner  and  with  the  customary  signs,  as 
thus  J  128?93:9r)". 

Hence,  the  French  degree  is  evidently  less  than  the  English,  in  the  ratio 
of  100  to  90 ;  a  French  minute  is  less  than  an  English  minute,  in  the  ratio 
of  100?  X  100'  to  90?  X  60'  ;  and  a  French  second  is  less  than  an  Eng- 
lish second,  in  the  ratio  of  100?  X  100^  x  lOOr  to  90?  x  60'.  x  60'/  : 
now,  the  converse  of  this  being  obvious,  we  have  the  following  general  rule 
for  converting  French  degrees  into  English,  and  theeontrary. 

As  100,  the  .number  of  degrees  in  the  French  quadrant,  is  to  90,  the 
number  of  degrees  in  the  English  quadrant ;  so  is  any  given  number  of 
French  dej^ecs  to  the  corresponding  number  of  English  degrees. 

As  10000,  the  number  of  minutes  in  the  French  quadrant,  is  to  5400, 
the  number  of  minutes  in  the  English  quadrant ;  so  is  any  given  number  of 
French  minutes  to  the  corresponding  number  of  English  minutes.     And, 

As  1000000,  the  number  of  seconds  in  the  French  qukdrant,  is  to  324000, 
the  number  of  seconds  in  the  English  quadrant;  so  is  any  given  number  of 
French  seconds  to  the  corresponding  number  of  English  seconds. 

English  degrees,  minutes,  and  seconds,  are  reduced  into  French  by  a 
converse  proportion;  viz., 

As  90,  is  to  100 ;  so  is  any  given  number  of  English  degrees  to  the  corre- 
sponding number  of  French  degrees. 

As  5400,  is  to  10000 ;  so  is  any  given  number  of  English  minutes  to  the 
corresponding  number  of  French  minutes.     And, 

As  324000,  is  to  1000000 ;  so  is  any  given  number  of  English  seconds  to 
the  corresponding  number  of  French  seconds. 

Remark  2. — French  degrees  and  parts  of  a  degree  may  be  turned  into 
English,  independently  of  the  Table,  by  the  following  rule ;  viz.. 

Let  the  French  degrees  be  esteemed  as  a  whole  number,  to  which  annex 
the  minutes  and  seconds  as  decimals ;  then  one-tenth  of  this  mixed  num- 
ber, deducted  from  itself,  will  give  the  corresponding  English  degrees,  &c. 
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Example. 

The  latitude  of  Paris,  according  to  the  French  division  of  the  quadrant, 
is  54? 26 '36'"  north;  required  the  latitude  agreeably  to  the  English  divi- 
sion of  the  quadrant  ? 

Given  latitude  =  54?26'36r=54^  2636 
Deduct  one-tenth  .     .     •     5  .  42636 


English  degrees,  &c.    .     .     .  48^  83724 

60 


50'.  23440 
60 

14\  06400 


Hence,  tlie  latitude  of  Paris,  reduced  to  the  English  division  of  the  qua* 
drant,  i»48?50'  14"  north. 

Remark  3. — English  deg^rees  and  parts  of  a  degree  may  be  turned  into 
French,  independently  of  the  Table,  as  thus  : — 

Reduce  the  English  minutes  and  seconds  to  the  decimal  of  a  degree,  and 
aimex  it  to  the  given  degrees ;  then  one-ninth  of  this  mixed  number,  being 
added  to  itself,  will  give  the  corresponding  French  degrees,  &:c. 

Example, 

The  latitude  of  the  Royal  Observatory  at  Greenwich  is  51?28f40r 
north,  agreeably  to  the  English  division  of  the  quadrant ;  required  the 
latitude  according  to  the  French  division  of  the  quadrant  ? 

Given  latitude  =  5 l?28:40r  =  5 P. 4777777,  &c. 
Add  one -ninth 5  .7197530,  &c. 

French  degrees,  &c 57^  1975307  =  57?  19 J  75 '^.  307 

Hence,  the  latitude  of  Greenwich  Observatory,  according  to  the  French 
division  of  the  quadrant,  is  5  7  U  9 '  75  " .  307  N. 


Table  LVII. 

J  general  Table  for  Gauging,  or  finding  the  Content  of  all  Circular- 
headed  Casks. 

Although  this  Table  may  not  directly  affect  the  interest  of  the  mariner ; 
yet,  since  it  cannot  fail  of  being  exceedingly  useful  to  officers  in  charge  of 
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His  Majesty's  victualling  stores  (such  as  Pursers  of  the  Royal  Navy,  Lieu- 
tenants commanding  gun-brigs,  &c.  Sic),  it.  has  therefore  been  deemed 
advisable  to  give  it  a  place  in  this  work,  particularly  since  it  may  be  found 
interesting  to  those  whom  it  immediately  concerns. 

This  Table  is  divided  into  two  parts :  the  first  part  consists  of  five  com- 
partments, and  each  compartment  of  three  columns ;  the  first  of  which 
contains  the  quotient  of  the  head  diameter  of  a  cask  divided  by  the  bung 
diameter ;  the  second  the  corresponding  log.  adapted  to  ale  gi^Ions ;  and 
the  third  the  log.  for  wine  gallons.  The  second  part  of  the  Table  contains 
the  bung  diameter  and  its  corresponding  logarithm. 

The  use  of  this  Table  will  be  exemplified  in  the  following 

Problem. 

Given  the  Dimensions  of  a  Cask,  to  find  its  Contents  in  Ale  and  Wine 

GaUons, 

Rule. 

» 

Divide  the  head  diameter  by  the  bung  diameter  to  two  places  of  deci- 
mals  in  the  quotient;  then  add  together  the  log.  for  ale  or  wihe  gallons, 
corresponding  to  this  quotient,  in  the  first  part  of  the  Table;  the  log.  cor- 
responding to  the  bung  diameter,  in  the  second  part  of  the  Table,  and  the 
common  log.  of  the  length  of  the  cask ;  the  sum  of  these  three  logs.,  reject- 
ing 10  in  the  index,  will  be  the  log.  of  the  true  content  of  the  cask,  in  ale 
or  wine  gallons,  according  as  the  content  may  be  required. 

Example. 

Let  the  bung  diameter  of  a  cask  be  25  inches,  the  head  diameter  19. 5 
inches,  and  its  length  31  inches;  required  the  contents  in  ale  and  wine 
gallons  ? 

25)  19. 50(*  78,  quotient  of  the  head  diameter  divided  by  the  bung 
175  diameter. 


200 
200 

•  •  • 


.  78  ^  quotient,  Iog«  for  ale  gallons  =  •  •  •  7*  362671 
25  inches,  bung  diameter,  corresponding  log.  =:  2. 795880 
31  inches,  length  of  the  cask,  common  log.  =       1 .  491362 

C!ontent  in  ale  gallons  s  44. 66  comoMm  log«  ^  1. 649913 
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.  78  =  quotient,  lo/s:.  for  wine  gallons  =  .  .  7. 449340 
25  inches,  bung  diameter,  corresponding  log.  =  2, 795880 
31  inches,,  length  of  the  cask,  common  log.  =       1. 491362 

Content  in  wiue  gallons  =  54. 52  cohimon  log,=  1 .  736582 

Remark, — Should  the  bung  diameter  not  come  within  the  limits  of  the 
second  part  of  the  Table;  that  is,  should  it  be  under  10  or  above  50 
inches,  then  twice  the  common  log.  corresponding  thereto  will  express  the 
log.  of  the  said  bung  diameter,  with  which  proceed  as  before :  hence,  the 
rule  becomes  universal  for  all  circular-headed  casks,  be  the  size  ever  so 
great  or  ever  so  trivial. 

This  subject  will  be  revived  in  a  subsequent  page  of  the  present  work. 


Table  LVIII. 

• 

Latitudes  and  Longitudes  of  the  prijicipal  Sea-PortSy  Islnndsy  CapeSy 
^c.  ^c.y  with  the  Time  of  High  Water  at  the  Full  and  Change  of  the 
Moon  at  all  Places  where  it  is  hiown. 

In  drawing  up  this  Table,  the  greatest  pains  have  been  taken  to  render 
it  not  only  the  most  accurate,  but  also  the  most  extensive  of  any  liow 
extant.  Perfect  accuracy,  however,  is  not  to  be  expected  in  a  Table 
which  principally  depends  on  the  observations  made,  at  different  periods, 
by  the  navigators  of  most  civilized  nations ;  because,  in  those  periods,  or 
at  the  time  when  a  very  considerable  portion  of  the  latitudes  and  longitudes 
were  established,  the  nautical  instruments  and  tables  employed  in  their 
determination  were  far  from  being  in  that  highly-improved  state  in  which 
they  arc  found  at  present :  besides,  it  is  a  fact  well  known  to  the  generality 
of  nautical  persons^  that  if  two  or  more  navigators  be  directed  to  ascertain 
the  position  of  any  particular  place,  they  will,  in  most  cases^  differ  four  or 
five  miles  in  the  latitude,  and  perhaps  thrice  as  many  in  the  longitude. 

In  constructing  all  the  other  Tables  in  this  work,  there  were  fixed  data 
to  work  upon,  with  certain  means  of  detecting  and  exterminating  errors ; 
but,  in  this,  there  were  no  determinate  means  of  ensuring  the  desired 
degree  of  accuracy,  except  in  those  positions  where  chance  or  profes- 
sional duties  happened,  from  time  to  time,  to  conduct  the  author. 
Hence,  although  every  possible  degree  of  attention  has  been  paid  in  con- 
sulting the  most  approved  works  of  the  present  day,  and  in  collating  this 
with  the  best  modern  Tables ;  yet  the  mariner  must  not  expect  to  find 
it  perfectly  free  from  blemishes ;  though,  doubtless,  he  will  find  it  con- 
siderably less  so  than  any  with  which  he  may  have  been  hitherto 
acquainted. 

Since  this  TaUe  is  not  intended  for  general  geographical  purposes^  the 
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positions  of  places  inland^  which  do  not  concern  the  navigator,  have,  with 
one  or  two  exceptions,  been  purposely  omitted :  hence,  the  latitudes  and 
longitudes  are  limited  to  maritime  places.  These  are  so  arranged  as  to 
exhibit  to  the  mariner  the  whole  line  of  coast  along  which  he  niay  chance 
to  sail,  or  on  which  he  may  be  employed,  agreeably  to  the  manner  in 
which  it  unfolds  to  his  view  on  a  Mercator's  chart.  This  mode  of  arrange- 
ment is  evidently  much  better  adapted  to  nautical  purposes  than  the 
alphabetical  mode. 

With  the  view  of  keeping  up  the  identity  of  the  Table  with  the  line 
of  coast  laid  down  on  particular  charts,  Bifew  positions  have  been  inserted 
a  second  time.  This,  it  is  presumed,  if  not  conducive  to  good,  will  not, 
at  least,  be  productive  of  any  evil,  since  the  repetition  is  so  very  trivial  as 
not  to  embrace,  in  the  whole,  more  than  ten  or  twelve  positions. 

The  time  of  high  water,  at  the  full  and  change  of  the  moon,  is  given 
at  all  places  where  it  is  known.  This,  it  is  hoped,  will  be  found  not  a 
little  convenient,  since  it  does  away  with  the  necessity  of  consulting  a 
separate  Table  for  that  particular  purpose. 

In  order  to  render  this  Table  still  more  complete,  an  alphabetical 
reference  has  been  annexed,  which  will  very  essentially  contribute  towards 
assisting  the  mariner  in  readily  finding  oiit  most  of  the  principal  coasts 
and  islands  contained  in  that  Table. 


The  page  which  immediately  follows  the  alphabetical  refinrence  to  Table 
LVIII.  contains  the  form  of  a  Transit  Table,  and  the  next  page  a  variety 
of  numbers  with  their  corresponding  logarithms,  &c.,  which  may,  perhaps, 
be  found  useful  on  many  occasions.  At  the  foot  of  these  nmnbers  there 
18  a  ^mall  Table,  "showing  the  absolute  time  at  which  the  hour  and  minitte 
hands  of  a  well-regulated  watch  or  clock  should  exactly  be  in  conjunction, 
and  also  in  opposition,  in  every  revolution. 

Having  thus  completed  the  Description  and  Use  of  the  Tables  contained 
in  this  work,  it  now  remains  to  show  their  application  to  the  different 
elements  connected  with  the  sciences  of  navigation  and  nautical  astronomy. 
In  doing  this,  since  the  author's  design  carries  him  no  farther  than  that 
of  giving  an  ample  illustration  of  the  various  purposes  to  which  they 
may  be  applied ;  the  reader  must  not,  therefore,  expect  to  find  the 
elementary  part  of  the  sciences  treated  of.  Hence,  in  this  part  of  the  work, 
the  author  will  endeavour  to  confine  himself  to  such  Problems  and  subject 
matters  as  may  appear  to  be  most  interesting  and  useful  to  nautical  per* 
sons,  without  entering  into  particulars  or  the  minutiae  of  the  sciences, 
and  thus  swelling  the  work  to  an  unnecessary  siase  3^-a  thing  which  he 
most  anxiously  wishes  to  avoid. 


156 


A  CONCISE  SYSTEM 


OF 


DECIMAL   ARITHMETIC. 


Although^  from  what  has  been  said  in  the  last  paragraph,  it  may  appear 
Aomewhat  irregular,  and  even  contrary  to  the  general  tenor  of  this  work, 
to  introduce  any  subject  therein  that  docs  not  come  immediately  under  the 
cognizance  of  logarithms  j  yet,  since  the  reader  may  be  desirous  of  having 
some  little  acquaintance  with  the  nature  of  decimal  fractions  previously  to 
his  entering  on  the  logarithmical  computations,  the  following  concise 
system  is  given  for  that  purpose. — It  has  been  deemed  advisable  to 
touch  upon  this  subject  for  two  cogent  reasons  ; — ^first,  because  a  short  ac- 
count of  decimals  m^y  be  acceptable  to  the  mariner  whose  early  entrance 
on  a  sea  life  prevents  him  from  going  through  a  regular  course  of  scholas- 
tic education  on  shore ;  and,  second,  that  he  may  have  directly  under  his 
view  all  that  is  essentially  necessary  to  be  known  in  the  practically  useful 
branches  of  science,  without  being  under  tlie  necessity  of  consulting  any 
other  author  for  the  purpose  of  assisting  him  in  the  comprehension  of  the 
different  subjects  contained  in  this  work. 


DECIMAL  FRACTIONS. 

A  decimal  fraction  signifies  the  artificial  manner  of  setting  down  and  ex- 
pressing natural  vulgar  fractions  as  if  they  were  whole  numbers.— 'A  decimal 
fraction  has  always  for  its  denominator  an  unit  (1,)  with  as  many  ciphers 
annexed  to  it  as  there  are  places  in  the  numerator  ;  and  it  is  generally  ex- 
pressed by  setting  down  the  numerator  oiily,  with  a  point  before  it,  on  the 
left  hand  ;— thus,  -f^  is  .  5  ;  yj^,  is  .  75  ;  ^iu  is  •  025  ;  ^uVoU  «  .  001 14, 
&c.  &c. : — hence  the  numerator  must  always  consist  of  as  many  figures  as 
there  are  cipher:}  in  the  denominator. 
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A  mixed  number  is  made  up  of  a  whole  number  and  a  decimal  Motion, 
the  one  being  separated  from  the  other  by  a  point  3  thus  5.  75  is  the  same 
as  5  ^\^,  or  ^^^. 

Ciphers  on  the  right  hand  of  decimals  do  not  increase  their  value  ;  for 
.  5 .  50 .  500  .  5000,  &c.,  are  decimal  fractions  of  the  same  value,  each  being 
equal  to  /jj,  or  2. — But  when  ciphers  are  placed  on  the  left  hand  of  a  deci- 
mal they  decrease  its  value  in  a  tenfold  proportion ; — thus,  .5  is  -^j  or  5 
tenths;  but  .05  is  only  ^g^^  or  5  hundredths;  .005  is  only  -j^'*^^  or  5 
thousandths,  and  so  on  : — hence  it  is  evident  that  in  decimals  as  well  as 
in  whole  numbers,  the  value  of  the  place  of  the  figure  increases  towards 
the  left  hand,  and  decreases  towards  the  right,  eacli  being  in  the  same 
tenfold  proportion. 


ADDITION  OF  DECIMALS. 

Addition  of  decimals  is  performed  in  the  same  way  as  addition  of  whole 
numbers,  observing  to  place  the  numbers  right ;  that  is,  all  the  decimal 
points  under  each  other^  units  under  units,  tenths  under  tenths,  hundredths 
under  hundredths,  &c. ;  taking  care  to  point  off  from  the  total  or  sum  as 
many  places  for  decimals  as  there  are  in  the  line  containing  the  greatest 
number  of  decimal  places. 


Example  1. 

Add  together    41.37;  3.762; 
137.03;  409,  and  .3976. 


"41. 

37 

«. 

762 

137. 03 

409. 

« 

397G 

Example  2. 

Add  together  3. 268  ;    208. 1  } 
276;  4.7845,  and  1.07. 


3. 

268 

208. 

1 

276. 

4. 

7845 

1. 

07 

591.5596,  the  sum. 


493.  2225,  the  sum. 


SUBTRACTION  OF  DECIMALS. 


Subtraction  of  decimals  is  likewise  performed  the  same  way  as  in  whole 
numbers;  observing  to  place  the  numbers  right;  that  is,  the  decimal 
points  under  each  other,  units  under  units,  tenths  under  tenths,  hundredths 
under  hundredths,  &c.  &c. 
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Exofnple.  1. 


From 
Take 


439. 7265 
98. 283 


Remains  •    •    •      341.4435 


Example  2. 

From    .     .     .    .179.037 
Take     ....    54.932468 


Remains   .    .    .  124.104532 


MULTIPLICATION  OF  DECIMALS. 

Multiplication  of  decimals  is  also  performed  the  same  way  as  in  whole 
numbers ;  observing  to  cut  off  as  many  decimal  places  in  the  product  as  there 
are  decimal  places  in  both  factors  3  that  is^  in  the  multiplicand  and  mul- 
tiplier. 

Example  I.  Example  2. 


Multiply  ....    2.4362 
By 275 


121810 
170534 
48724 

Product  s    .    0.6699550 


Multiply     .    .    .    376.09 
By 13.43 


Product  = 


112827 
150436 

112827 
37609 

5050. 8887 


Note.'^lf  a  decimal  fraction  be  multiplied  by  a  decimal  fraction  the  pro- 
duct will  be  less  than  either  the  multiplicand  or  the  multiplier. — ^And  if  any 
number  either  whole  or  mixed,  be  multiplied  by  a  decimal  fraction,  the  pro- 
duct will  be  always  less  than  the  multiplicand,  as  in  example  1 ; — ^hence  if 
a  decimal  fraction  be  multiplied  by  itself,  its  value  will  decrease  in  the  pro- 
portion of  its  multiple: — thus, 


Multiply .     .     . 
By      .     .    .     . 

.25 
.25 

Muldply .    .    . 
By      .... 

.75 
.75 

125 
50 

• 

375 
525 

Product  =    . 

.0625 

Product  ss  . 

.5625 

DIVISION  OF  DECIMALS. 

Division  of  decimab  is  performed  in  the  same  manner  as  in  whole 
numbers;  observing  to  point  off  as  many  decimal  places  in  the  quo* 
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tient  as  the  decimal  places  in  the  dividend  exceed  those  in  the  divisor  :-^ 
But  if  there  be  not  as  many  figures  in  the  quotient  as  there  are  in  that 
excess^ .  thp  deficiency  must  be  supplied  by  prefixing  ciphers,  with  a 
point  before  them ; — for  the  decimal  places  in  the  divisor  and  quotient 
taken  together^  must  be  always  equal  to  those  in  the  dividend.r-When 
there  happens  to  be  a  remainder  after  the  division  ;  or  when  the  decimal 
places  in  the  divisor  are  more  than  those  in  the  dividend^  then  ciphers 
may  be  annexed  to  the  latter^  and  the  quotient  carried  on  as  far  as  may  bd 
necessary. 


Example  1. 

Example  2. 

Divide  .  6699550  by  .  275 

• 

Divide  5050. 8887  <>y  ^^'  *^ 

Dividend.     Quotient. 

Dimdmd.     QmMmt. 

Diouor. 275 \. 6699550  /2.4362 
)  550          V 

■ 

• 

Ditt.  13. 43  \  5050. 8887  /S76. 09 
;4029          V 

1199 
1100 

10218 
9401 

..995 
825 

.8178 
8058 

1705 
1650 

. 12087 
12087 

..550 
550 

• 

•  •  • 


Note.— If  a  decimal  fraction  be  divided  by  a  decimal  fraction^  the  quo- 
tient will  be  greater  than  either  the  divisor  or  dividend,  as  in  E^mple  1. 
And,  if  aiiy  whole,  or  mixed  number  be  divided  by  a  decimal  fraction^  the 
quotient  will  be  greater  than  the  dividend;  but  if  a  decimal  fraction  be 
divided  by  a  whole,  or  mixed  number,  the  quotient  will  be  less  than  the 
dividend.-^If  a  decimal  fraction  be  divided  by  itself,  its  value  will  increase 
in  the  proportion  of  its  division,  or  of  the  decrease  of  the  parts  into  which 
the  decimal  is  divided ;  because,  in  this  case,  the  quotient  will  be  a  natural 
number: — thus, .  25  divided  by  .25,  quotes  1.— And,  .5625,  divided  by 
•  5625,  quotes  1  also.  Hence  it  is  manifest  that  the  dividing  of  a  decimal 
fraction  by  itself  increases  its  value. 
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REDUCTION  OF  DECIMALS. 

Casb  L 

.7b  reduce  a  Vulgar  Fraction  to  a  Decimal  Fraction  of  equal  value. 

Rule. 
Annex  a  cipher  or  ciphers  to  the  numerator ;  then  divide  by  the  denomi- 
nator, as  in  whole  numbers,  and  the  quotient  will  be  the  required  decimal. 


Examples. 
Reduce  i  to  a  decimal  fraction. 

4)100 
Required  dec. »  .  25 


Reduce  ^  to  a  decimal  fraction. 

4)300 
Required  dec.=  .  75 


Examples. 
Reduce  |  to  a  decimal  fraction. 

2)10 
Required  dec.  =  .  5 


Reduce  f  to  a  decimal  fraction. 

8)5000 
Req.dec.  =     .625 


Case  II. 

To  reduce  Numbers  of  different  DenominationSy  such  as  Degrees^  Timey 

Coin,  Measure,  ^c.  into  Decimals. 

Rule. 

Reduce  the  given  degrees,  time,  coin,  measure,  &c.  Into  the  lowest  -de- 
nomination mentioned,  for  a  dividend,  annex  ciphers  thereto,  and  then 
divide  by  the  integer,  reduced  also  into  the  lowest  denomination  mentioned ; 
the  quotient  will  be  the  required  decimal  fraction. 


Examples. 

Reduce  30  minutes  to  the  deci- 
mal of  a  degree. 

The  given  number  being  in  the 
lowest  denomination  required,  an- 
nex a  cipher  and  divide  by  60,  the 
number  of  minutes  in  a  degree; 
the  quotient  will  be  the  required 
decimal ; — thus, 

60  \  300  / .  5,  the  Answer. 

ysoov 


... 


Examples. 

Reduce  49^30r  to  the  decimal  of 
a  degree. 

The  given  number  being  reduced 
to  the  lowest  denomination  men- 
tioned, gives  2970^  ;  to  this  annex 
ciphers,  and  divide  by  3600,  the  se- 
conds in  a  degree ;  the  quotient  will 
be  the  required  decimal : — thus, 

3600\  2970. 000 /.  825,'  Answer. 
;  28800       V 

..9000 
7200 

18000 
18000 
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Reduce  15T50?  to  the  decimal 
of  an  hour. 

The  given  terms  being  reduced 
to  the  lowest .  denomination  give 
930  seconds ;  annex  ciphers  and 
divide. by  3600^  the  seconds  in  an 
hour ;  as  thus, 

3600\  950. 0000  / .  2639  nearly 


;7200         \ 

23000 
21600 

.14000 
10800 

.32000 
32400 


Ans. 


Reduce  4*  10T50!  to  the  decimal 
of  a  dlly. 

The  given  time  being  reduced  to 
the  lowest  denomination  mentioned 
is  15050  seconds;  annex  ciphers 
and  divide  by  86400^  the  seconds 
in  a  day,  or  24  hours ;— thus, 

86400\  15050. 00000  /.  17419 

;   86400  \  nearly  Ans. 

641000 
604800 

. 362000 
345600 

.164000 
86400 


776000 


Reduce  3 '  4f  to  the  decimal  of  a 
pound  sterling. 

The  given  sum  being  reduced  to 
the  lowest  denomination  mentioned 
gives  40  pence,  annex  ciphers  and 
divide  by  240,  the  pence  in  a 
pound  sterling ;  as  thus, 

240X40.0000  /.  1666  Answer. 
J  240  \ 

1600 
1440 

.1600 
1440 

.1600 
1440 

.160 


1 


Reduce  45  minutes  to  the  deci- 
mal of  an  hour. 

The  given  number  being  in  the 
lowest  denomination  mentioned, 
annex  ciphers  and  divide  by  60, 
the  minutes  in  an  hour ;  as  thus, 

60\45.00\. 75  which  is  the 
;420      /  Ans. 


.300 
300 

... 


Reduce  100  fathoms  and  2  feet 
to  the  decimal  of  a  nautical  mile. 

The  given  measure  being  reduced 
to  the  lowest  denomination  men- 
tioned is  602  feet ;  annex  ciphers 
and  divide  by  6080,  the  number  of 
feet  in  a  sea  mile  ;  as  thus, 

6080\  602. 00000/.  09901  Ans. 
>/ 54720         \ 

.54800 
54720 

. . . 8000 
6080 

1920 


Reduce  3  qrs.  21  lb.  to  the  deci- 
mal of  a  hundred  weight. 

The  given  weight  being  reduced 
to  the  lowest  denomination  men- 
tioned is  105  lbs.  annex  ciphers,  and 
divide  by  112,  the  number  of 
pounds  in  a  hundred  weighty  as 
thus, 

112X105.0000/. 9375  Ans. 
;i008         \ 

..420 
336 

.840 

784 

.560 
560 


M 


■  ft 
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Cask  III. 

■ 

To  find  the  value  of  any  Decimal  Fraction  in  tlie  known  parts  of  an 
Integer  ;  such  as  DegreeSy  Time,  Coin,  Jfeight,  Measure,  Sfc. 

,  Rule. 

• 

Multiply  the  given  decimal  by  the  number  of  parts  contained  in  the  next 
inferior  denomination  ;  and,  from  the  right  hand  of  the  product,  point  off 
so  many  figures  as  the  given  decimal  consists  of. — Muldply  those  figures 
so  pointed  off  by  the  number  of  parts  contained  in  the  next  inferior  deno- 
mination, and. from  the  result  cut  off  the  decimal  places  aa  before: — 
proceed  in  this  manner  till  the  least  known,  or  required  parts  of  the  integer 
are  brought  out ; — then,  the  several  denominations  on  the  left  hand  of  the 
decimal  points,  virill  express  the  value  of  the  given  decimal  fraction. 


Example  1. 

■ 

Required  the  value  of  .  825  of  a 
degree. 

Given  decimal  •  825 
Multiply  by  60  minutes. 


49'.  500 
Multiply  by  60  seconds. 


30^000 
Hence,  the  required  value  is  49^30? 

Example  3. 

Required  the  value  of  .  166666 
of  a  pound  sterling. 

Given  decimal  =  .  166666 
Multiply  by  20  shill. 


3'. 333320 
Multiply  by  1 2pence 


3'.  999840 

Hence,  the  required  value  is  3'4f 
very  nearly* 


Example  2. 

Required  the  value  of  •  2639  of 
an  hour. 

Given  decimal  =  .  2639 
Multiply  by  60  min. 

15-. 8340 
Multiply  by  60  seconds. 

50- .  040 

Hence,  the  required  value  is  15? 
50- .  040. 


Example  4. 

Required  the  value  of  •  09901  of 
a  nautical  or  sea  mile. 

Given  decimal  =s  .09901  - 

Multiply  by  6080,  the  ft, 

in  a  sea  mile.  

792080 
594060 


601.98080 

Hence,  the  required  value  is  602 
feet  very  nearly. 
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THE  RULE  OF  PROPORTION  IN  DECIMALS, 

F^pare  the  terms  by  reducing  the  fractional  parts  to  the  highest  deno- 
mination mentioned.;  then  state  the  question  and  proceed  as  in  the  com- 
mon Rule  of  Three  Direct ; — thus,  place  the  numbers  in  such  order  that  the 
first  and  third  may  be  of  the  same  kihd|  and  the  second  the  same  as  the 
number  required  :-»bring  the  first  and  third  terms  into  the  same  name^ 
and  (he  second  into  the  highest  denomination  mentioned. — ^Then^ 

Multiply  the  second  and  third  terms  together ;  divide  the  product  by  the 
first  term,  and  the  quotient  will  be  the  answer  in  the  same  denomination 
as  the  second  number ;— observing,  however,  to  point  off  the  'decimal 
places ;  the  value  of  which  is  to  be  found  by  the  Rule  to  Case  III.^ 
page  162. 

Note. — In  the  rule  of  proportion  there  are  always  three  numbers  g^ven 
to  find  a  fourth  proportional ;  two  of  these  are  of  supposition  and  one  of 
demand ;  the  latter  must  ever  be  the  third  term  in  the  statement  of  the 
question ;  and,  as  this  is  interrogatory,  it  may^  therefore,  be  known  by  the 
words — ^What  will  ?  .What  cost  ?  How  many  ?  How  far  ?  How  much  ?, 
&c.**^The  first  term  must  always  be  of  the  same  name  as  the  third ;  the 
fourth,  or  term  sought,  will  be  of  the  same  kind  and  denomination  as  the 
second  term  in  the  proportion. 

Example  1» 

9 

If  a  degree  of  longitude,  measured  on  the  surface  of  the  earth  under  the 
equator,  be  69. 092  English  miles ;  how  many  miles  are  contained  in  tlie 
earth*s  circumference  under,  the  same  parallel,  it  being  divided  into  360 
degitees? 

As    ...     1?    :    69-'-092  ::  360? 

360  * 


4145520 
207276 


Answer      .    .    .    24873. 120  English  miles. 

Example  2. 

The  earth  turns  round  upon  its  axis  in  23^56? ;  at  what  rale  per  hoar 
are  the  inhabitants  carried  from  west  to  east  by  this  rotation  under  dio 

M  2 
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equator  where  the  earth's  circumference  measures  24873. 12  English  miles ; 
and  at  What  rate  per  hour' are  the  inhabitants  of  London  carried  in  the 
same  direction,  where  a  degree  of  longitude  measures  42. 99  miles. 

¥taft.--For  the  InhabUanti at  the- Equator. 

23  hours  56  minutes  are  equal  to  23. 9333  hours! — Now, 

As  23*. 9333    :    24873-.  12  ;:  1»    :    1039  miles. 


24873. 1200 
239333 

. . 939820 
717999 


2218210 
2153997 

..64213 


SBCoND.-^JFbr  the  Inhabitants  of  London. 

360  degrees  multiplied  by  42. 99  miles,  give'  15476. 4  miles  ;~And, 
As  23*. 9333    ;    15476-.4  :;  li   :    646  miles. 


15476.4000 
1435998 


1116420 
957332 

.  1590880 
1435998 

■I      ■ 

. 154882 


Hence,  the  inhabitants  under  the  equator  are  carried  at  the  rate  of  1039 
miles  every  hour,  and  those  of  London  646  miles  per  hour,  by  the  earth's 
motion  round  its  axis. 


Example  3. 

If  a  ship  sails  at  the  rate  of  llj:  knots  per  hour ;  in  what  time  would 
she  circumnavigate  the  globe,  the  circumference  of  which  is  24873. 12 
miles? 
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1  \i  knots  are  equal  to  11. 25  miles. — Now, 

Asll"*.25   ;    1»  ::  24873-M2    :    2210.9  hours. 

2250 


.2373 
2250 

.1231 
1125 

.10620 
10125 


..495 


Hence,  the  required  time  is  2210. 9  hours ;  or  92  days,  2  hours,  and  54 
minutes. 


PROPORTION,  AND  PROPERTIES  OF  NUMBERS. 

If  three 'quantities  be  proportional^  the  product  or  rectangle  of  the  two 
extremes  will  be  equal  to  the  square  of  the  mean. 

If  four  quantities  be  proportional,  the  product  of  the  two  extremes  will 
be  equal  to  the  rectangle  or  product  of  the  two  means. — Thus, 

Let  2.4.8. 16  be  the  four  quantities;  then,  the  rectangle  of  the  ex- 
tremes, viz.  16  X  2,  is  equal  to  the  rectangle  of  the  means,  viz.  4  x  8, 
or  32. 

If  the  product  of  aivy  two  quantities  be  equal  to  the  product  of  two 
others,  the  four  quantities  may  be  turned  into  a  proportion  by  making  the 
terms  of  one  product  the  meanSy  and  the  terms  of  the  other  product  the 
extremes. — ^Thus, 

Let  the  terms  of  two  products  be  10  and  6,  and  15  and  4,  each  of  which 
is  equal  to  60;  then,  As  10:4::15  :  6.  A84:6::10:  15.  As  6  :  15:: 
4  :  10,  &c.  &c. 

If  four  quantities  be  proportional,  they  shall  also  be  proportional  when 
taken  inversely  and  alternately. 

If  four  quantities  be  proportional,  the  sum,  or  diflference,  of  the  first  and 
second  will  be  to  the  second,  as  the  sum,  or  difference  of  the  third  and 
fourth  is  to  the  fourth. — ^Thus,  let  2. 4, 8. 16  be  the  four  proportioii^l 
quantities;  then 

As  2  +  4  ;  4::8+ 16 ;  16  j  or,  as 4  -  2 : 4::  16  -  8 ;  16, 
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If  from  the  sum  of  any  two  quantities  either  quantity  be  taken,  the  re- 
mainder will  be  the  other  quantity. 

If  the  difference  of  any  two  quantities  be  added  to  the  less,  the  sum  will 
be  the  greater  quantity  5  or  if  subtracted  from  the  greater,  the  remainder 
will  be  the  less  quantity. 

If  half  the  difference  of  any  two  quantities  be  added  to  half  their  sum, 
the  total  will  give  the  greater  quantity ;  or  if  subtracted,  the  remainder  will 
be  the  less  quantity.  • 

If  the  product  of  any  two  quantities  be  divided  by  either  quantity,  the 
quotient  will  be  the  other  quantity. 

If  the  quotient  of  any  two  quantities  be  multiplied  by  the  less,  the  pro- 
duct will  be  the  greater  quantity. 

The  rectangle  or  product  of  the  sum  and  difference  of  any  two  quan- 
tities, is  equal  to  the  difference  of  their  8([uare.s. — ^llius. 

Let  4  and  10  be  the  two  quantities ;  then  4  -|- 10  =  14  ;  10—4  =  6,  and 
14x6=84.— Now,  10x10  =  100;  4x4  =  16,  and  100-16  =  84. 

The  diflference  of  the  squares  of  the  sum  and  difference  of  any  two  quan- 
tities, is  equal  to  four  times  the  rectangle  of  those  quantities. — ^l^hus. 

Let  10  and  6  be  the  two  quantities  ;  then  10+6  =  16x  16  =  256; — 
10-6  =  4x4=  16.— Now, 256- 16  =  240;  and  10x6x4  =  240. 

The  sum  of  the  squares  of  the  sum  and  diflerence  of  any  two  quantities, 
is  equal  10  twice  the  sum  of  their  squares. — ^Thus, 

10+6=  16x16  =256;  and  10-6=4x4=  16 5  then 256+ 16  =272. 
Again,  10x10=100;  6x6  =  36,  and  100+36  =  136x2  =  272. 

If  the  sum  and  difference  of  any  two  numbers  be  added  together,  the 
total  will  be  twice  the  greater  number. — ^Thus, 

10+6=16;  and  10-6  =  4;  then  16+4  =  20;  and  10x2  =  20. 

If  the  difference  of  any  two  numbers  be  subtracted  from  their  sum,  the 
remainder  will  be  twice  the  less  number. — ^Thus, 

10-6  =  4;  and  10  +  6=  16;  then  16-4=  12 ;— and 6x2  =  12. 

The  square  of  the  sum  of  any  two  numbers  is  equal  to  the  sum  of  their 
squares,  together  with  t>vice  their  rectangle.— Thus, 

10+6=  16;  and  16x16  =  ^56.  Again,  10x10=  100;  6x6  =  36, 
and  100+36=  136;  then,  10x6x2=  120;  and  120+136  =  256. 

The  sum,  or  difference,  of  any  two  numbers  will  measure  the  Sum,  or 
difference,  of  the  cubes  of  the  same  numbers ;  that  is,  the  sum  will  mea- 
sure the  sum,  and  the  difference  the  difference. 

The  difference  of  any  two  numbers  will  measure  the  difference  of  the 
squares  of  those  numbers. 

The  sum  of  any  two  numbers  differing  by  an  unit  (1,)  is  equal  to  the  dif- 
ference of  the  squares  of  those  numbers. — ^Thus, 
9  +  8=  17;  and  9x9  =  81;  8x8  =  64;  now,  81-64  =  17. 
If  the  sum  .of  any  two  numbers  be  multiplied  by  each  number  respect- 
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Wely^  the  sum  of  the  two  rectangles  will  be  equal  to  the  square  of  the  sum 
of  those  numbers. 

Thus,  10+6=16;  now,  16x10=160;  16x6  =  96;  and  160+96 
=  256. 

Again,  10+6=  16;  and  16  x  16=  256. 

The  square  of  the  sum  of  any  two  numbers  is  equal  to  four  times  the 
square  of  half  their  sum. — ^Thus, 

10+6  =  16 ;  and  16  x  16  =  256 ;  then  10+6  =  16-1-2  =  8,  and  8  x  8 
x4  =  256. 

The  sum  of  the  squares  of  any  two  numbers  is  equal  to  the-  square  of 
their  difference,  together  with  twice  the  rectangle  of  those  numbers*— 

10x10=  100;*6x6s=  36;  and  100+36  =  136.— Again, 

10-.6=:4;  and4x4=  16;  10x6x2  =  120;  and  120+16=136. 

Th^  numbers  3,  4  and  5,  or  their  multiples  6,  8  and  10,  &c.  &c.,  will 
express  the  three  sides  of  a  right  angled  plane  triangle. 

The  sum  of  any  two  square  numbers  whatever,  their  difference,  and 
%mct  the  product  of  their  roots,  will  also  express  the  three  sides  of  a  right 
angled  plane  triangle. — ^Thus, 

Let  9  and  49  be  the  two  square  numbers : — (hen  9+49  =  58 ;  49—9  = 
40.— Now,  the  root  of  9  is 3,  ahd  that  of  49  is  7 ;— then  7 xS k 2  =  42  : 
henee  the  three  sides  of  the  right  angled  plane  triangle  vnU  be  58,  40^ 
apd  42.  . 

The  sum  of  the  squares  of  the  base  and  perpendicular  of  a  right  angled 
j4ane  triangle,  is  equal  to  the  square  of  the  hypothenuse.    - 

The  difference  of  the  squares  of  the  hypothenuse  and  one  leg  of  a  right 
angled  plane  triangle,  is  equal  to  the  square  of  the  other  leg. 

The  rectangle  or  product  of  the  sum  and  difference  of  the  hypothenuse 
and  one  leg  of  a  right  angled  plane  triangle,  is  equal  to  the  square  of  the 
other  leg. 

The  cube  of  any  number  divided  by  6  will  leave  the  same  remainder  as 
the  number  itself  when  divided  by  6. — ^The  difference  between  any  number 
and  its  cube  will  divide  by  6,  and  leave  no  remainder. 

Any  even  square  number  will  divide  by  4,  and  leave  no  remainder;  but 
an  uneven  square  number  divided  by  4  will  leave  1  for  a  remainder. 
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PLANE  TRIGONOMETRY. 

The  Resoluiion  of  the  different  Problems,  or  Cases,  in  Plane  Trigonometryy 

by  Logarithms. 

Although  it  is  not  the  author's  intention  (as  has  been  alreadyobserved^) 
to  enter  into  the  elementary  parts  of  the  sciences  on  which  he  may  have 
occasion  to  touch  in  elucidating  a  few  of  the  many  important  purposes  to 
which  these  Tables  may  be  applied ;  yet,  since  this  work  may,  probably, 
fall  into  the  hands  of  persons  not  very  conversant  with  trigonometrical 
subjects,  he  therefore  thinks  it  right  briefly  to  set  forth  such  definitions,  &c. 
as  appear  to  be  indispensably  necessary  towards  giving  such  persons  some 
little  insight  into  this  particular  department  of  science. 

Plane  Trigonometry  is  that  branch  of  the  mathematics  which  teaches 
how  to  find  the  measures  of  the  unknown  sides  )uid  angles  of  plane  trian- 
gles from  some  that  are  already  known. — It  is  divided  into  two  parts ;  right 
angled  and  oblique  angled  : — in  the  former  case  one  of  the  angles  is  a  right 
angle,  or  90?  ;  in  the  latter  they  are  all  oblique.    ' 

Every  plane  triangle  consists  of  six  parts ;  viz.,  three  sides  and  three  an- 
gles 5  any  three  of  which  being  given  (except  the  thrjee  angles),  the  other 
three  may  be  readily  found  by  logarithmical  calculation. 

In  every  triangle  the  greatest  side  is  opposite  to  the  greatest  angle;  and, 
vice  versa,  the  greatest  angle  opposite  to  the  greatest  side.— -But,  equal 
sides  are  subtended  by  equal  angles,  and  conversely. 

The  three  angles  of  every  plane  triangle  are,  together,  equal  to  two  right 
angles,  or  180  degrees.  ^ 

If  one  angle  of  a  plane  triangle  be  obtuse,  or  more  than'90?,  the  other  two 
are  acute,  or  each  less  than  that  quantity :  aiid  if  one  angle  ht  right,  or  90?, 
the  other  two  taken  together,  make  90?  : — hence,  if  one  of  the  angles  of  a 
right  angled  triangle  be  known,  the  other  is  found  by  subtracting  the  known 
•  one  from  90?. — If  one  angle  of  any  plane  triangle  be  known,  the  sum  of  the 
other  two  is  found  by  subtracting  that  which  is  given  from  180?  ;  and  if  two 
of  the  angles  be  known,  the  third  is  found  by  subtracting  their  sum 
from  180? 

The  complement  of  an  angle  is  what  it  wants  of  90?  j  and  the  supple- 
ment of  an  angle  is  what  it  wants  of  180? 

In  every  right  angled  triangle,  the  side  subtending  the  right  angle  is 
called  the  hypothenuse;  the  lower  or  horizontal  side  is  called  the  base,  and 
that  which  stands  upright,  the  perpendicular. 
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If  the  hypothennse  be  aMumed  equal  to  the  radiu^^  the  sides^  that  is,  the 
base  and  the  perpendicular,  will  be  the  sines  of  their  opposite  angles.  And, 
if  either  of  the  sides  be  considered  as  the  radius,  the  other  side  will  be  the 
tangent  of  Its  opposite  angle,  and  the  hypothenuse  the  secant  of  the  siune 
angle. 

•  > 

Thus.-»Let  ABC  be  a  right  angled  plane  triangle ;  if  the  hypothenuse 

A  C  be  made  radius,  the  side  B  C  will  be  the  sine  of  the  angle  A,  and 
AB  the  sine  of  the  angle  C. — If  the  side  AB  be  made  radius,  BC  will 
be  the  tangent,  and  A  C  the  secant,  of  the  angle  A  i-^And^  if  B  C  be  the 
radios,  A  B  will  be  the  tangent,  and  A  C  the  secant  of  the  angle  C. 


For,  if  we  make  the  h)'pothenuse  A  C  radius 
(Fig.  1 .),  and  upon  A,  as  a  centre,  describe  the 
arch  C  D  to  meet  A  B  produced  to  D ;  then 
it  is  evident  that  B  C  is  the  sine  of  the  arch  D  C, 
ivhich.  is  the  measure  of  the  angle  BAG;  and 
that  iVB  is  the  co-sine  of  the  same  arch  : — and 
if  the  arch  AE  be  described  about  the  centre 
C,  to  meet  C  B  produced  to  E,  then  will  A  B  be 
the  sine  of  the  arch  A  G,  or  the  sine  of  the  angle 
A  C  B,  and  B  C  its  co-sine. 

Again,  with  the  extent  A  B  as  a  radius  (Fig. 
2.),  describe*  the  circle  B  D ;  then  B  C  is  the 
tangent  of  the  arch  B  D,  which  is  evidently  the 
measure  of  the  angle  B  A  C ;  and  A  C  is  the 
secant  of  the  same  arch,  or  angle. 

Lastly,  with  CB  as  a  radius  (Fig.  3.),  describe 
the  arch  B  D ;  then  A  B  is  the  tangent  of  the 
arch  B  D,  'the  measure  of  the  angle  A  C  B,  and 
A  C  the  secant  of  the  same  arch  or  angle. 


In  the  computation  of  right  angled  triangles,  any  side,  whether 
required,  may  be  made  radius  to  find  a  Me  ;  but  a  given  side 
made  radius  to  find  an  angle  :  thus. 


given  or 
must  be 


To  find  a  Side  :— 

Call  any  one  of  the  sides  of  the  triangle  radius,  and  write  upon  it  the 
word  radttttf ; — observe  whether  the  other  sides  become  sines,  tangents,  or 
secants,  and  write  those  words  on  them  accordingly,  as  in  the  three  pri^- 
ceding  figures  :  then  say,  as  the  name  of  the  given  side,  is  to  the  given 
aide ;  so  is  the  name  of  the  side  required^  to  the  side  required. 
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And)  to  find  an  Angle  : — 

Call  one  of  the  given  rides  the  radius^  and  write  upon  it  the  word  radius : 
observe  whether  the  other  sides  become  sines,  tangents,  or  secants,  and 
write  these  words  on  them  accordingly,  as  in  the  three  foregoing  figures  ; 
then  say,  as  the  side  made  radius,  is  to  radius ;  so  is  the  other  given  side 
to  its  name :  that  is,  to  the  sine,  tangent,  or  secant  by  it  represented. 

Now,  since  in  plane  trigonometry  the  sides  of  a  triangle  may  be  consi- 
dered,  without  much  impropriety,  as  being  in  a  direct  ratio  to  the  sines  of 
their  opposite  angles,  and  conversely ;  the  proportion  may,  therefore,  be 
stated  agreeably  to  the  established  principles  of  the  Rule  of  Three  Directy 
by  saying 

As  the  name  of  a  given  angle,  is  to  its  opposite  given  side ;  so  is  the 
name  of  any  other  given  angle  to  its  opposite  side. — And,  as  a  given  side, 
is  to  the  name  of  its  opposite  given  angle ;  so  is  any  otber  given  side«to  the 
name  of  its  opposite  angle. 

The  proportion,  thus  stated,  is  to  be  worked  by  logarithms,  in  the  fol- 
lowing manner ;  viz., 

To  the  arithmetical  complement  of  the  first  term,  add  the  logs,  of  the- se- 
cond and  third  terms,  and  the  sum  (rejecting  20,  or  10  from  the  index, 
according  as  the  required  term  may  be  a  side  or  an  angle,)  will  be  the 
logarithm  of  the  required,  or  fourth  term. 

Remarks, — 1.  The  arithmetical  complement  of  a  logarithm  is  what 
that  logarithm  wants  of  the  radius  of  the  Table  ;  viz.,  what  it  is  short  of 
10.000000  ;  and  the  arithmetical  complement  of  a  log.  sine,  tangent,  or 
secant,  is  what  such  logarithmic  sine,  &;c.  &c.  wants  oT  twice  the  radius 
of  the  Tables,  viz.,  20. 000000. 

2.  The  arithmetical  complement  of  a  log.  is  most  readily  found  by  be- 
ginning at  the  left  hand  and  subtracting  each  figure  from  9  except  the  last 
significant  one,  which  is  to  be  taken  from  10,  as  thus ; — if  the  given  log. 
be  2. 376843,  its  arithmetical  complement  will  be  7. 623157  : — if  a  given 
log.  sine  be  9. 476284,  its  arithmetical  complement  will  be  10. 523716^  and 
soon. 

3.  The  arithmetical  complement  of  the  log.  sine  of  an  arch,  is  the  log. 
oo-secant  of  that  arch ;— the  arithmetical  complement  of  the  log.  tangent  of 
an  arch,  is  the  log.  co- tangent  of  that  arch;  and  conversely,  in  both 
cases. 
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Solution  of  Right-angled  Plane  Triangles^  by  Logarithms. 

Problem  I. 

CHven  the  JiigUs  and  the  Hypothenuse,  to  find  Ihe  Base  ctnd  the 

Perpmdiadar. 

Example. 

• 

Let  the  hypothenuee  A  C,  of  the  annexed  trian- 
gle A  B  C,  be  246. 5,  and  the  angle  A  53?^7'48?  $ 
required  the  base  A  B,  and  the  perpendicular  B  C  ? 

Note. — Since  there  is  no  more  mtended,  in  this 
place,  than  merely  to  show  the  use  of  the  TabUs  ; 
ihe  geometrical  construction  of  tlie  diagrams  is^ 
thertfore,  purposely  omitted. 

By  inakthg  the  hypothenase  A  C  radius ;  BC  becomes  the  sine  of  the 
angle  A^  and  A  B  the  co-sine  of  the  same  angle. — Hence^ 


To  find  the  Perpendicular  B  C  : — 


As  radius  =  .  .  .  •  90?  =: 
Is  to  hypothenuse  A  C  =  246. 5 
So  is  the  angle  A=  5397'48r 


Log.  sine  =: 
Log.  = 


Log.  sine  zz 


.  10.000000 

•    2.391817 
.    9.903090 


To  the  perpendicular  B  C  =  1 97. 2  =  Log.  =      ...    2. 294907 

To  find  the  Base  A  B  :— 


As  radius  =  .     .     .     .  90?  = 
Is  to  hypothenuse  A  C  =  246. 5 
So  is  the  angle  A  =  53?7'48r 

To  the  base  AB=  147.9  = 


Log.  sine  = 
Log.  = 


•    • 


Log.  co-sine  =: 


Log.  = 


.    . 


10.000000 
2.391817 
9.778153 

2. 169970 


Making  the  base  A  B  radius ;  B  C  becomes  the  tangent  of  the  angle  A^ 
and  A  C  the  secant  of  the  same  angle. — Hence, 

To  find  the  Perpendicular  B  C  :— 

As  the  angle  A  =      .    53? 7 -48?  Log.  secant  Ar.comp.ss  9. 778153 

Is  to  hypothenuse  A  C  =z  246. 5     Log.  =z 2. 391817 

So  is  the  angle  A  =  53?7'48r       Log.  tangent  =     .    .  10. 124937 


To  the  perpendicular  BC  =179.2  =Log,=: 


.    •    • 


2. 294907 
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To  find  the  Base  A  B  :— 

As  the  angle  A  =  53? 7-48 T      Log.  secant  Ar«  compt. 
Is  to  hypothennse  A  C  =  246. 5  Log.  =     •    •    •    • 
So  is  radius  =  90?  Log.  sine  =  •    .    . 


:  9. 778153 

2.391817 
10.000000 


TothebueAB      147.9=  Log.  = .    .....    2.169970 

The  perpendicular  B  C  being  made  radius ;  the  base  AB  becomes  the  tan- 
gent of  the  angle  C,  or  co-tangent  of  the  angle  A,  and  the  hypothenuse  A  C 
the  secant  of  the  angle  C^  or  co-secant  of  the  angle  A. — Hence, 


To  find  the  Perpendicular  B  C : 

As  the  angle  A  =  53?7'48r  Log.  co-secant  Ar.  compt.  =  9. 903090 

Is  to  hypothenuse  A  C  =  246. 5  Log. 2.391817 

So  is  radius  =  90?      .    .    '.    Log.  sine     ....    .10.000000 


To  the  perpendicular  B  C  =  197. 2  =  Log.  =:  .    .    .     .     2. 294907 


To  find  the  Base  A  B  :— 

As  the  angle  A  =:  53?7-48^  Log.  co-secant  Ar.  compt.  =: 

Is  to  hypothenuse  A  C  =:  246. 5  Log.  = 

So  is  the  angle  A  =  53^7 'Abl     Log.  co-tangent      •    . 


To  the  base  AB  =  147. 9  =        Log.  =: 


9.903090 

2.391817 
9. 875063 

2. 169970 


Problem  II. 

Qioen  the  Angles  and  One  Side,  to  find  the  Hypothenuse  and  the  other 

Side. 


Example. 

Let  the  base  A  B  of  Uie  annexed  triangle  ABC, 
be  300.5,  and  the  angle  A  40?54M0^';  required 
the  hypothenuse  A  C,  and  the  perpendicular  B  C  ? 


JC{f.  s 


The  hypothenuse  A  C  being  made  radius ;  the  perpendicular  B  C  will  be 
the  Mne  of  the  angle  A^  and  the  base  A  B  the  co-sine  of  the  same  angle. 
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To  find  the  Hypothenuse  A  C  :— 

As  the  angle  A  ==  40?54^40r  JLog.co-sine  Ar.  compt.  =  10. 121635 
Is  to  the  base  AB  =  300.5      Log.  =    ......    2.477845 

So  is  radius  =:  90?  hog.  sine  =:....     10. 000000 

To  the  hypothenuse  AC  =  397. 6  ==  Log,  zz    .    .    .      2. 599480 

To  find  the  Perpendicular  B  C  :— 

As  the  angle  A  =  40?54M0r  Log.  co-sine  Ar.  compt.  '=:  10. 121635 

Is  to  the  base  A  B  =  300. 5  Log.  =: 2.477845 

So  is  th«  angle  A  p  40?54^407  Log.  sine  =s  .    •    .    .    9. 816167 


To  the  perpendicular  B  C  =  260. 4  =  Log;.  =  •    •    .    .    2. 4 15647 

The  base  A  B  being  made  vadius ;  the  perpendicular  B  C  will  be  the  tan- 
gent of  the  angle  A,  and  the  hypothenuse  A  C  the  secant  thereof.— Hence^ 

To  find  the  Hypothenuse  AC: — 

As  radius  =:  90?  Log.  sine  = 10.000000 

Is  to  the  base  A  B  ==  300. 5  Log.  =: 2.477845 

So  is  the  angle  A  =  40?54M0r  Log.  secant    ....  10. 121635 

To  the  hypothenuse  A  C  =  397. 6  =  Log.  =  ....    2. 598480 

■ 

To  find  the  Perpendicular  B  C : — 

As  radius  =  90?  =  Log.  sine  = 10. 000000 

Is  to  the  base^  B  =  300. 5  Log 2. 477845 

So  is  the  angle  A  =  40?54M0r  Log.  tangent     ...      9. 937802 

To  the  perpendicular  B  C  =  260. 4  =  Log.  =      ...    2. 415647 

The  perpendicular  B  C  being  made  radius ;  the  base  A  B  will  be  the  tan-  ^ 
gent  of  the  angle  C^  or  co-tangent  of  the  angle  A^  and  the  hypothenuse  the 
secant  of  the  angle  C,  or  co-secant  of  A. — Hence, 

To  find  the  Hypothenuse  AC : — 

As  the  angle  A  r:  40?54M0^  Log.  co-tang.  Ar.  compt  =  9. 937802 

Is  to  the  base  A  B  z=  300. 5  Log.  =: 2. 477845 

So  is  the  angle  A  =  40?54M0r  Log.  co-secant  =:       .      10. 183833 

•  _• 

To  the  hypothenuse  A  C  =  397*  6  =  Log.  =    ....  2. 599480 
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To  find  the  Perpendicular  B  C  :^ 

As  the  angle  A  =  40?54^40r  Log.  cortang,  Ar.  compt.  =  9.937802 
Is  to  the  base  A  B  =:  300. 5  Log.  =  .......     2.477845 

So  18  radius  =  90?  Log.  sine  = 10.000000 

To  the  perpendicular  BC  =  260.4  =  Log.  =     .     .    .    2.415647 


Problem  IU. 


GU)en  ilie  Hypothehuse  and  One  Side,  to  find  the  Angles  and  the 

Other  Side. 


Example. 

Let  the  hypothemne  A  C,  of  the  annexed  tri- 
angle ABC,  be  330. 4,  and  the  base  AB  280. 3j 
required  the  angles  A  and  C,  and  the  perpendi- 
cular BC? 


2^i?.J 


By  making  the  hypothenuse  A  C  radius  ;  the  perpendicular  B  C  becomes 
the  sine  of  the  angle  A,  and  the  base  A  B  the  co-sine  of  the  same  angle. — 
Henc^ 


To  find  the  Angle  A :— - 

As  the  hypothenuse  A  C  =  330. 4  Log.  Ar.  compt. 
Is  ta  radius  =  90?  Log.  sine  =:         .    •    •    • 
So  is  the  base  A  B  =  280. 3  Log.  :^    •    .    . 


•    • 


7.480960 

10.000000 

2. 447623 


To  the  angle  A  =  31?57:56r  Log.  co-sine  =   .    •    .      9, 928583 


To  find  the  Perpendicular  B  C. 


As  radius  =:  90?  Log.  sine  = 

Is  to  hypothenuse  A  C  =:  330. 4  Log.  =  •     • 
So  is  the  angle  A  =  31?57'56r  Log.  sine  zz 

To  the  perpendicular  B  C  =  174. 9  =  Lc^.  = 


.  • 


t  •  • 


•  •  • 


10.000000 
2.519040 
9. 723791 

2.242831 


Ilie  baae  A  B  being  made  radiun ;  the  perpendicular  B  C  becotoe.  the 
tangent  of  the  angle  A,  and  the  hypothenuse  A  C  the  secant  of  that  angle. 
•a-Heniit. 
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To  find  the  Angle  A  : — 

As  the  base  AB  =  280. 3  Log.  Ar.  eompt*  = 
Is  to  the  radius  =90?  Log.  sine  =        .     • 
So  is  the  hypothenuse  A  C  =  330. 4=  Log. 


•     • 


•     •     •    • 


•     • 


7. 552377 

10.000000 

2.519040 


To  the  angle  A  =  dl?57 -56?  Log.  secant  s      ...  10, 071417 

To  find  the  Perpendicular  B  C  :— 

As ratUus  =  90?  Log.  sine  =:  .    . 10.000000 

Is  to  the  base  A  B  =  280. 3  Log.  =; 2.447623 

So  is  the  angle  A  =  3 1^57 '56?  Log.  tangent  b     .    .  9. 795208 


To  the  perpendicular  BC  s  174. 9  =  Log. 


••        • 


2.242881 


Remarlcr-^he  perpendicular  B  C  may  te  found  independently  of  the 
angles  by  the  following  rule  (deduced  from  Euclid^  Book  I.  Prop.  47^  and 
Book'IL  Prop.  5)^  viz,, 

To  the  log.  of  the  sum  of  the  hypothenuse  and  given  side,  add  the  log. 
of  their  difference ;  then,  half  the  sum  of  these  two  logs,  will  be  the  log.  of 
the  required  side  :.^as  thus  $ 


Hypothenuse  AGs  330. 4 
Base.    .    .  AB  =  280.3 

• 

Sum.     •    •          ^  610.7  Log.    • 
Difference .           .       50. 1  Log.    • 

.    .    C3  2.785828 
.    .    «  1.699S38 

Sum    . 

.    .    :s  4.485666 

• 

Perpendicular  B  C  =  174.9  =  Log. 

*    .    =  2.242833 

« 
Pkoblbm  IV. 

Given  the  Base  and  the  Perpendicular,  to  find  the  Angles  and  the 

Hypothenuse. 

Example. 

Let  the  base  AB,  of  the  annexed  triangle  A  BC^ 
be  262. 5,  and  the  perpendicular  B  C  210. 4 }  re* 
quired  tlie  angles,  and  the  hypothenuse  AC? 

^  ^  synar 
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By  making  the  base  A  B  radius ;  the  perpendicular  B  C  becomes  the 
tangent  of  the  angle  A,  and  the  hypothenuse  A  C  the  secant  thereof. 
—Hence, 

To  find  the  Angle  A : — 

As  the  base  A  B  =  262. 5  Log.  Ar.  compt.  =  ....    7. 580871 

Is  to  radius  =  90?  Log.  sine  s 10.000000 

So  is  the  perpendicular  B  C  =  210. 4  Log»  =  ,    .    .    .    2. 323046 

To  the  angle  A  =  38? 42 ^  47^  Log.  Ungent  =     ...    9. 9039 1 7 

To  find  the  Hypothenuse  A  C : — 

As  radius  =  90?  Log.  sine  s 10.000000 

Is  to  the  base  A  B  =  262. 5  Log.  = 2.419129 

So  is  the  angle  A  =  38?42!47^  Log.  secant  =  ...     10. 107745 

To  the  hypothenuse  A  C  =  336. 4  =  Log.  =     .    .    .      2. 526874 

The  perpendicular  B  C  being  made  radius ;  the  base  A  B  will  be  the  tan- 
gent of  the  angle  C,  or  co-tangent  of  the  angle  A,  and  the  hypothenuse  A  C 
will  be  the  secant  of  C,  or  the  co*secant  of  the  angle  A. — Hence, 

To  find  the  Angle  A  : — 

As  the  perpendicular  B  C  =  210. 4  Log.  Ar.  compt.  =     •  7-  676954 

Is  to  radius  =  90?  Log.  sme  = 10.000000 

SoisthebaseABs  262.5Log.  = 2.419129 

To  the  angle  A  =  38?42:47^  =  Log.  co-tangent  =   .     10. 096083 

To  find  the  Hypothenuse  A  C  :— 

As  radius  =  90?  Log.  sine  = 10.000000 

Is  to  the  perpendicular  B  C  =  210. 4  Log.  =     .     .     .       2. 323046 
So  is  the  angle  A  =  38?42U7"  Log.  co-secant  =  •     .     10.  203828 

To  the  hypothenuse  A  C  =  336. 4  =  Log.  =  .      .    .       2. 526874 

The  angle  A  subtracted  from  90?  leaves  the  angle  C  ;  thus  90?  -  38? 
42M7r  =  51?17'.  13r  the  measure  of  the  angle  C. 

IZcmari.— The  hypothenuse  A  C  may  be  found  independently  of  the  an- 
gles by  the  following  rule,  deduced  principally  from  Euclid^  Book  L 
Prop.  47  i  Book  U.  Prop.  5 }  and  Book  VI.  Prop.  8,  viz.. 
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• 

From  twice  the  log.  of  the  baoe.  subtract  the  log.  of  the  perpendicalar, 
and  add  the  corresponding  natural  number  to*  the  perpendicular ;  then,  to 
the  log.  of  this  sum  add  the  log.  of  the  perpendicular,  and  half  the  sum^  of 
these  two  logs,  will  be  the  log.  of  the  hypothenuse.    As  thus : — 

Base  A  B  =  .    .    .  262. 5  twice  the  log,  =  4. 838258 
Perpendicular  BC=  210.4  Log.     .    .    =  2.323046  ^   «  2.323046 


Natural  number   =:  327*5  Log.     ^    •    =2.515212 


8um«    .    ^    ^   .   537»9Log.s  •  ^ 2.780702 


Sum=:5.05374S 


Hypothenuse  AC  =  336. 4  Log.  =:  .    .%••;•    «  2.526874 


mtm 


Solution  of  Oblique-angled  Plane  Triangles  by  L(>garithm^ 

PaOBLBM   L 


Given  the  Armies  and  One  Side  of  an  Oblique-angled  Plane  J\riangle,  to 

find  the  other  aideu 

RULB. 

As  the  Logk  sine  of  any  given  angle,  is  to  its  opposite  given  side  j  so  is 
the  log.  sine  of  any  other  given  angle  to  its  opposite  side. 

Example. 

Let  the  side  A  B,  of  the  triangle  ABC, 
be  300.2,  the  angle  A  39^39^ 20r  the 
angle  C  90?  33 '  26  r  and,  hence,  the  angle 
B  49?47'  14r  J  to  find  the  sides  A  C  and  ^ 
EC.  :fP(f.Z 

m 

To  find  the  Side  A  C :-« 

As  the  angle  C  =  90?33^26^  Log.  sine  ar.  cottipt.        =  10. 000021 

Is  to  the  side  B  C  =  300. 2  Log *    -*     .     2.477411 

SoistheangleB3:49?47n4r  Log.  sine       .     •     •    •    9.882895 


TothesideAC  :=  229.3=  Log.  =     *    •    •    .^    .    2.S60327 

N 
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To  find  the  Side  B  C  r- 

As  the  angle  C  :=  90^33^26^  Log.  sine  ar.  compt. 
Is  to  the  side  B  C  =  300.  2  Log.  =:       .... 
So  is  the  angle  A  =  39?39C20:  Log.  aioe  =  .     . 


10.000021 

'2.477411 

9. 804937 


To  the  side  B  C  =  191.6  =  Log.  = 


2. 282369 


Note. — ^When  a  log.  sine,  or  log.  co-iiine,  is  the  first  tenn  in  the  propor- 
tion, the  arithmetical  complement  thereof  may  be  taken  directly  firom  the 
Ttible  of  secants  by  using*  a  log.  co-secltait  in  tUe  former  case^  and  a  log. 
secant  in  the  latter. 


Problem  IL 

Given  two  Sides  and  an  Jingle  &ppariie  to  one  qf  them,  to  find  the  other 

Angles  and  the  third  Side. 

Rule. 

As  any  pven  side  of  a  triangle  is  to  the  log.  sine  of  its  opposite  given 
angle,  so  is  any  other  given  side  to  the  log.  sine  of  the  angle  opposite 
thereto. 

The  angles  beii^  thus  founds  the  third  side  is  to  be  computed  by  the 
preceding  Problem. 


Example. 


'. 


Let  the  side  A  B,  of  the  triangle  A  B  C,  be  436. 7, 
the  side  A  C  684. 6,  and  the  angle  B  100?7'36r  ;  re- 
quired the  angles  A  and  C^  and  the  side  B  C  ? 


^Jr/y7 


To.find  the  angle  C:— 


As  the  side  AGs  ,  684. 5 
Is  to  the  angle  A  =  100?7:357 
So  is  the  side  A  B  =  436.  7 


Log.  ar.  comp«  7. 164626 
L(^.sine»  9.993181 
Log. »    »    .    2.640183 


To  the  angle  C  =  38?54'22:      hog. 


0    • 


9. 797990 
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To  find  the  side  B  C  :— 


As  the  angle  B  = 
Is  to  the  side  A  C 
So  is  the  angle  A  = 


.     100?7^35T     Log.  sine  ar.  comp. 

684.5      Log.  5=   ... 

40^58:3r    Log.  sine  =  .  . 


=  10.006819 
..  2.835374 
.   9.816659 


To  the  aide  BC  =  455.9  = 


Log.  = 


2.658852 


ATote.-^The  angle  A  =  10097'35r  +  the  angle  C  =  38?64^22r  = 
139?1157r;and  180?  -  139?1^57V=  the  angle  A  =  40?58:3r 

fl 

Remark. — ^An  angle  found  by  this  rule  is  ambiguous  when  the  given 
side  opposite  to  the  given  angle  is  less  than  the  other  given  side ;  that  is^ 
the  angle  opposite  to  the  greater  side  may  be  either  acute  or  obtuse :  for 
trigonometry  only  gives  the  sine  of  an  angle,  which  sine  may  either  repre- 
sent the  measure  of  the  angle  itself,  or  of  its  supplement  to  180  degrees. 
Bat  when  the  given  side  opposite  to  the  given  angle  is  greater  than  the 
other  given  side,  then  the  angle  opposite  to  that  (other  given)  side  is  always 
acute,  as  in  the  above  example. 


Problem  IIL 

Given  two  Sides  and  the  included  Angle,  to  find  the  other  Angles  and  the 

tlwrd  Sde. 

Rule.  . 

Find  the  sum  and  difFerence  of  the  two  given  sides ;  subtract  the  given 
angle  from  180?  ;  take  half  the  remainder,  and  it  will  be  half  the  sum  of 
the  unknown  angles ;  then  say, 

As  the  sum  of  the  sides  is  to  their  difference ;  so  is  the  log.  tangent  of 
half  the  sum  of  the  unknown  angles,  to  the  log.  tangent  of  half  their 
difference. 

Now,  half  the  difference  of  the  angles,  thus  founds  added  to  half  their 
sum,  gives  the  greater  angle,  or  that  which  is.  opposite  to  the  greater  side  ; 
and  being  subtracted,  leaves  the  angle  opposite  to  the  less  side. 

The  angles  being  thus  determined,  the  third  side  is  to  be  computed  by 
Problem  L,  page  177* 


Example. 

Let  the  side  A  B,  of  the  triangle  A  B  C,  be 
210.3,  the  side  BC  160.  2,  andthe  angle  B 
110?!'  20^;  required  the  angles  A  and  C,  and  ^ 
the  side  AC? 

N  2 


2/1?.  J 
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180?  -  the  angle  B  110n:20r  =69?58M0r  h-  2  =  34?59'.20r 
half  the  sum  of  the  angles  A  and  C* 

Side  AB  =     .     .    .    .    210.3 
Side  BC  ^     .    .    •    .     160.2 


As  sunrl  =: 370. 5     Log  ar.  comp.  =  1. 431212 

•  Is  to  difference  =  •    •     •      50. 1     Log.  :=     •    .     1 .  699838 
So  is  i  sum  of  angles  =  34^59:20^  Log.  tang.  =     9. 845048 

■ 

To  I  differ,  of  angles  =    5  724^24  7  Log.  tang.  =     8.976098 

Angle  C=      .    .    .    .  40?23M4r 
Ang^eAs      .    .    .    .  29?34;56? 

To  find  the  side  AC : 

As  the  angle  A  =  .  29?34'56r  Log.  sine  ar.  comp.  =  10.306561 
Is  to  the  side  B  C  =  .  160. 2  Log.  =  ....  2. 204663 
So  is  the  angle  B  =    .  110?K20r    Log.  sine  =.    .    .    9.972925 

To  the  side  A  C  =      •      304.9  =  Log.  =      •    .    .    .    2.484149 


Problbm  IV. 

Gwen  the  three  Sides  of  a  Plane  TKawg/e,  to  find  the  Angles. 

RuUs. 

Add  the  three  sides  together^  and  take  half  their  jsum ;  the  difference 
between  which  and  the  side  opposite  to  the  required  angle  call  the  remain^ 
der  ;  then, 

To  the  arithmetical  complements  of  the  logs,  of  the  other  two  sides,  add 
the  logs,  of  the  half  sum  and  of  the  remainder :  half  the  sum  of  these  four 
logs,  will  be  the  log.  co-sine  of  an  arch;  which,  being  doubled,  will  give 
the  required  angle. 

Now,  one  angle  being  thus  found,  either  of  the  other  two  angles  may  be 
computed  by  Problem  II.,  page  178. 

Example. 

Let  the  side  A B,  of  the  triangle  ABC, 
be  260. 1,  the  side  AC  190.  5,  and  the  side 
B  C  140, 4 ;  required  the  angles  A,  B,  and  C  ?    A 
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The  ftide  A  B  z:     260. 1 

BC  =     140.4     Log.  ar.  comp.      .    .    7.852633 
AC  =     190.5     Log.  ar.  comp.      .    .    7.720106 

Sum  =       .    ^    .    591.0 


Half  sum  ;=  .    «    295.5    Log.  =:       .    ,    .    .    2.470558 
Remainder  =      •      35.4    Log.  =      ;    •    «    ,    1.549003 


Sum  =:     19.592299 


Arch  =    .    .     5l?17'22r  Log*  co^sine  =    .    •    9.7961491 
Angle  C=    .  I02?34:44r 

■ 

To  find  the  angle  B :— 

As  the  side  AB.  =     260.1     Log.  ar.  comp.  ==    7.584860 

•  Ii  to  the  angle  C  =  102^^34 1 44r  Log.  sine  =     .    .    9. 989448 

So  is  the  side  A C  =     190.5     Log.   zs      .    .    .    2.279895 

TotheangleB=    45?37'45r  Log.  =      .    .    •    9.854203, 

Now,  angle  C  102?34:44r  +  angle  B  45?37U5r  =  148n2f29r; 
and  180?  -  148?12'29r  =  81?47J31*  =  the  angle  A. 


THE   RESOLUTION   OF  THE    DIFFERENT    PROBLEMS,    OR 
CASES,  IN  SPHERICAL  TRIGONOMETRY,  BY  LOGARITHMS. 

I 

Spherical  Trigonometry  is  that  branch  of  the  mathematics  which  shows 
how  to  find  the  measures  of  the  unknown  sides  and  angles  of  spherical 
triangles  from  ^ome  that  are  already  known.  It  is  divided  into  three 
parts ;  viz.^  right-angled,  quadrantal,  and  oblique-angled. 

A  right-angled  spherical  triangle  has  one  right  angle;  the  sides  in* 
duding  the  right  angle  are  called  legs,  and  that  opposite  thereto  the  fiypo- 
thenuse. 

A  quadrantal  spherical  triangle  has  one  side  equal  to  90?^  or  the  fourth 
part  of  a  circle. 

An  oblique-angled  spherical  triangle  has  neither  a  side  nor  an  angle  ^ual 
to  90? 

A  spherical  triangle  is  formed  by  the  intersectioQ  of  three  great  oirclff. 
on  the  suriace  of  the  sphere. 
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The  three  angles  of  a  spherical  triangle  are  always  n^ore  than  two^  but 
less  than  six,  right  angles. 

The  three  sides  of  a  spherical  triangle  are  always  less  than  two  semi- 
circles, or  360?  \ 

Any  two  sides  of  a  spherical  triangle,  taken  together^  are  greater  than  the 
third. 

The  greater  side  subtends  the  greater  angle ;  the  lesser  side  the  lesser 
angle,  and  conversely. 

Equal  sides  subtend  equal  angles,  and,  vice  versOy  equal  angles  arc  sub- 
tended by  equal  sides. 

The  two  sides  or  two  angles  of  a  splierical  triangle,  when  compared 
together,  are  said  to  be  alike,  or  of  the  same  affection,  when  both  are  less 
or  both  greater  than  90?  ;  but  when  one  is  greater  and  the  other  less  than 
90?,  they  are  said  to  be  unlike,  or  of  different  affections. 

Every  side  of  a  right-angled  spherical  triangle  exceeding  90?,  is  greater 
than  the  hypothenuse ;  but  every  side  less  than  that  quantity,  i$  less  than 
the  hypothenuse. 

The  hypothenuse  is  less  than  a  quadrant,  if  the  legs  be  of*  the  same 
affection ;  but  greater  than  a  quadrant,  if  they  be  of  different  affections. 

The  hypothenuse  is,  also,  less  or  greater  than  a  quadrant,  according  as 
the  adjacent  angles  are  of  the  same  or  of  different  affections. 

When  the  hypothenuse  and  one  leg,  or  its  opposite  angle,  are  of  the 
same  or  of  different  affections,  the  other  side,  or  its  opposite  aqgle^  will 
be,  accordingly,  less  or  greater  than  a  quadrant. 

The  legs  and  their  opposite  angles  are  always  of  the  same  affection. 

The  sides  of  a  spherical  triangle  may  be  changed  into  angles,  and  con- 
versely. 

Every  spherical  triangle  consists  of  six  parts :  viz.,  three  sides  and  three 
angles ;  of  which,  if  any  three  be  given,  the  remaining  three  may  be  readily 
computed ;  but  in  right-angled  spherical  triangles,  it  is  sufficient  that  two 
only  be  given,  because  the  right  angle  is  always  known« 

SOLUTION  OP  RIGHT-ANGLED  SPHERICAL  TRIANGLES,  BY 
LOGARITHMS,  AGREEABLY  TO  LORD  NAPIER'S  RULES, 

< 

In  every  right-angled  spherical  triangle  there  are  five  circular  partly 
exclusive  of  the  right  angle,  which  is  not  taken  into  consideration.  These 
five  parts  consist  of  the  two  legs^  or  sides  ;  the  complement  of  the  hypo* 
thetttuei  and  the  complemeaU  af  the  two  angles.  They  are  called  circular 
partsy  because  each  of  them  is  measured  by  the  arc  of  a  great  circle« 
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Three  of  these  circular  parts,  besides  the  radius,  enter  into  every  propor- 
tion ;  two  of  which  are  given,  and  the  third  required.  One  is  called  the 
middle  part^  and  the  other  two  the  extremes  conjunct  or  JUsjunct, 

The  middle  part,  and  also  the  extremes  conjunct  or  disjunct,  may  be 
determined  by  the  following  rules. 

Rule  1.*— When  the  three  circular  parts  under  consideration  are  joined 
together^  or  follow  each  other  in  successive  order,  the  middle  one  is  termed 
the  middle  part,  and  the  other  two  the  extremes  conjunct,  because  they 
are  direetly  conjoined  thereto. 

Sule  2.— -When  the  three  circular  parti  do  not  join,  or  follow  eaqh 
other  in  successive  order,  that  which  stands  alone,  or  disjoined  from  the  other 
two,  is  termed  the  middle  part,  and  the  other  two  the  extremes  disjunct, 
because  they  are  separated  or  disjoined  therefrom  by  the  intervention  of  a 
dda,  or  au  angle  not  concerned  in  the  proportiotu 

Nate. — In  determining  the  middle  part^  it  is  to  be  observed,  that  the 
right  angle  does  not  separate  or  disjoin  the  legs :  therefore^  when  these 
are  under  consideration,  they  are  always  to  follow  each  other  iii  succession* 

Xhese  things  being  premised,  the  required  parts  are  to  be  computed  by 
the  two  following  equations ;  viz., 

1st. — The  product  of  radius  and  the  sine  of  the  middle  p(xrt,  is  equat  to 
the  product  of  the  tangents  of  the  extremes  conjunct* 

2d.— T^  product  of  radius  and  the  sine  of  the  "middle  part,  is  equal  to 
the  product  of  the  co-sines  of  the  extremes  disjunct. 

Since  these  equations  are  adapted  to  the  complements  of  the  hj^pothe* 
nuse  and  angles,  and  since  the  sine  or  the  tangent  of  the  complement  of 
an  arch  is  represented  directly  by  the  co-sine  or  co-tangent  of  that  arch, — 
therefore,  to  save  the  trouble  of  finding  the  complements,  let  a  co-sine  or 
co-tangent  be  used  instead  of  a  sine  or  tangent,  and  a  sine  instead  of  a 
co-sine,  &c.  &c.,  when  the  angles  or  the  hypothenuse  are  in  question. 

Now,  the  middle  part  being  -determined  by  the  rules  1  or  2,  as  above, 
according  as  the  extremes  are  conjunct  or  disjunct,  the  terms  under  con- 
•ideration  are  then  to  be  redueed  to  a  proportion,  0s  thus  :—i4^l  the 
unknown  or  required  term  last,  that  with  which  it  is  connected^#t»  and 
the  remaining  two  in  the  middle,  in  ^ny  order;  this  being  done,  the  eqiia«' 
tion  will  then  be  ready  for  a  dir^t  solutipnf  by  logaritlmiical  munbeitr 


V.     ' 
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Problem  L 

Giveii  the  Hypothenuse  and  one  Leg,  io  find  tlie  Angles  and  the 

other  Leg. 

JBxaniplem 

Let  the  hypothenuse  A  B,  of  the  spherical  triangle  ABC, 
be  64?20M5r,  and  the  leg  AC  51?10'  15^  j  required  the 
loigles  A  and  B^  and  the  leg  B  C  ? 

To  find  the  angle  A :— 

• 
Here  the  h3rpothenuse  A  B,  the  given  leg  A  C^  and  the  required  angle  A, 

are  the  three  circular ^parts  which  enter  the  proportion ;  and  since  the  angle 

A  evidently  connects  the  hypothenuse  and  the  given  leg,  it  is  therefore 

the  middle  .part,  and  the  other  two  the  extremes  conjuncty  according  to 

rule  1,  page  183;  therefore,  by  equation  1,  page  183, 

Radius  x  co^sine  of  angle  A  =  tangent  of  A  C  x  co-tangent  of  A  B, 

Now,  since  radius  is  connected  with  the  required  term,  it  is  to  be*  the 

first  term  in  the  proportion.     Hence, 

As  radius  = 90?  0(  OC'  Log.  sine  an  comp.=:l 0.000000 

Is  to  the  leg  A  C  =:     •    .    51.10.15     Log.  tangent  =    •     10.094280 
So  is  the  hypothenuse  AB  =:  64. 20. 45     Log.  co-tangent  =     9. 681497 

To  the  angle  A  =:    ^    ♦    .    53?21C50r  Lc^.  co-sine  =:     .      9.775777 

^ofe.-^The  angle  A  is  acute,  because  the  hypothenuse  and  the  given 

teg  are  both  of  the  same  affection. 

> 

To  find  the  angle  B  :— 

The  three  circular  parts  which  enter  the  proportion,  in  this  case,  are  the 
hypothenuse  A B,  the  given  leg  AC,  and  the  required  angle  B;  and  since 
the  leg  A  C  is  disjoined  from  the  other  two  parts  by  the  angle  A,  it  is 
therefore  the  middle  part,  and  the  other  two  the  extremes  disjunct^  ac- 
cording to  rule  2,  page  183  j  therefore,  by  equation  2,  page  183, 
Radius  x  sine  leg  AC  =  sine  hyp.  AB  x  sine  of  angle  B.  - 
Now,  since  the  hypothenuse  is  connected  with  ^he  required  term,  it  is  to 
Itimd  first  in  the  proportion.    Hence, 
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As  Uie  hypothenuse  A  B  =  64?eO'.45r  Log.  sine  ar.  comp.  =  10.045071 

b  to  radius  =       ...    90.   0.   0     Log.  sine  =       •    4  10.000000 

So  is  the  leg  A  C  =  .    .    5 1 .  10. 15     Log.  sine  =:       «    .  9. 891548 


To  the  angle  B  =:      .    «    59?47.34?  Log.sine  =z-     •    »      9.936619 

Abl€.— -ThQ  aqgl^  B  is  acute,,  because  the  hypothenyse  and  the  j;iven  leg 

are  oi  the  same  affection. 

•     .    .     . 
To  find  the  leg  B  C  :— 

In  this  case  the  three  circular  parts  which  enter  the  proportion,  are  the 
hypothenuse  and  the  two  legs ;  and  since  the  hypothenuse  is  disjoined  from 
the  legs  by  the  angles  A  and  B,  it  is  the  middle  party  and  the  other  two  are 
the  extremes  diyunct ;  therefore, 

Radius  x  co*sine  hyp.  A  B  =  co-sine  leg  A  C  x  co^sine  leg  B  C. 

Now,  the  leg  A  C,  being  connected  with  the  required  term,  is,  therefore, 
to  stand  first  in  the  proportion.    Hence, 

AAhelegAC  =  .  .  51?10'15r  Log.  co-sine  ar.  comp.=:l  0.202792 
Is  to  radius  =  ...  90.  0.  0  Log.  sine  =  .  .  .  10.000000 
So  is  hypothenuse  A  B  =  64. 20. 45     Log.  co-sine  =     .     .      9. 636426 

m  »  m  w  ■ 

TcithelegBCr;:     .    .    46n9^52r  Log.  co-sine  =     .    *      9.839158 

Note. — The  leg  B  C  is  acute,  because  the  hypothenuse  and  the  givien  leg 
are  of  the  same  affection. 


Problbm  II. 

Givers  the  Hypothenuse  and  one  Jngle,  to  find  the  other  Angle  and 

the  two  Legs. 


Example^  ^ 

Let  the  hypothenuse  A  B,  of  the  spherical  triangle 
ABC,  be  66?44^35':,    and   the   angle  A  ei^SgCSST;      ^Jr 
required  the  angle  B  and  the  legs  A  C  and  B  C  ?  B 

To  find  the  angle  B :—    • 

Here  the  three  circular  parts  are  connected  or  joined  together;  there* 
fore  the  hypothenuse  A  B  is  the  middle  part^  and  the  angles  A  and  B 
extremes  conjunct  (rule  J,  page  183)  j  therefore,  by  equation  1,  page  1^^^ 
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Radius  y  co-sine  hyp.  A  B  r=  co-tangent  angle  A  x  eo-tangent  angle  B« 
Now,  the  angle  A,  being  connected  with  the  required  part,  is  therefore 
to  stand  first  in  the  proportion.    Hence, 

As  the  angle  A  =  .  61?59'55r  Log.  co-tang.  ar.  comp.  r:  10. 274300 
Is  to  radius  =  .  .  90.  0.  0  Log.  sine  =  .  -.  .  .  10.000000 
So  is  the  hyp«  A  B  =r  66. 44. 35    Log.  co-sine    •    «    •    .      9. 596438 


■»     ■!  W 


To  the  angle  B=    .    53 ? 24 n2r  Log.  co- tangent  =    .    •      9.870738 

Note. — ^The  angle  BT  is  acute,  because  the  hypothenuse  and  the  given 
angle  are  of  the  sanie  aflfection. 

To  find  the  leg  A  C  :— 

In  this  case,  the  three  circular  parts  are  joined  together ;  therefore  the 
angle  A  is  the  mddle  part,  and  the  hypothenuse  A  B  and  required  leg  A  C 
•re  the  eo^trema  conjunct ;  therefore, 

Radius  x  co-sine  of  angle  A  =  co*tangent  A  B  x  tangent  A  C. 

And  since  the  hypothenuse  is  connected  with  the  required  part,  it  is 
therefore  to  be  the  first  term  in  the  proportion.    Hence,  ^ 

As  the  hyp.  AB  =  66^4' 35  r  Log.  co-tang.  ar.  comp.  =  10.366756 
Is  to  radius  =  .  .  90.  0.  0  Log.  sine  =  ....  10.000000 
So  is  the  angle  As     6 1 .  59. 55     Log.  co-sine    ....      9. 67 1 629 


To  the  leg  A  C  =r    .    47?31  M2r  Log.  tangent  =  .    ,    .    10. 088385 

Note. — ^The  leg  A  C  is  acute,  because  the  hypothenuse  and  the  given 
angle  are  of  the  same  affection. 

To  find  the  leg  B  C  :— 

In  this  case  the  leg  B  C  is  the  middle  part,  because  it  stands  alone,  or 
is  disjoined  firom  the  other  two  circular  parts  concerned,  by  the  angle  B  : 
hence. the  hypothenuse  AB  and  the  given  angle  A  are  extremes  disjunct, 
according  to  rule  2,  page  183 ;  therefore,  by  equation  2,  page  183, 

Radius  x  sine  of  leg  B  C  =  sine  of  hyp.  A  B  x  sine  of  angle  A. 

Ahd  since  radios  is  connected  with  the  required  parti  it  is  to  be  the  first 
term  in  the  proportion.    Hence, 

As  radius  =  .  •  .  90?  Of  01  Log.  sine  ar.  comp.  =r  10.000000 
Is  to  hypothenuse  A  B  =  66. 44. 35  Log.  sine  =  .  .  .  9. 963 194 
So  is  the  angle  A  =    .    61. 59. 55    Log«  sine  =     ...      9. 945929 


Tothel%BC=s      .    54?12'45r  Log.  sine  =s     .    .    .      9.909123 

Note. — ^The  leg  B  C  is  acute,  because  the  hypothenuse  and  the  given 
migle  are  of  the  same  aflection* 
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Problem  III. 

■ 

Given  a  Leg  and  its  opposite  Angle,  to  find  the  other  jtngle,  the  ether 

Leg^  amd  the  Hypothenuee. 

Exampk. 

.  Let  the  leg  AC,  of  the  spherical  triangle  ABQ  be 
56?3OM0r,  and  the  angle  B  70?23:35r;  required  the  angle 
A,  the  leg  B  C,  and  the  hypothenuse  A  B  ? 

To  find  the  angle  A  >^ 

Here  the  three  circular  parts,  which  enter  the  proportion^  are  the  given 
angle  B,  the  given  leg  A  C,  and  the  required  angle  A ;  and  since  the  angle 
B  is  disjoined  from  the  other  two  parts  by  the  intervention  of  the 
hypothenuse  AB,  it  is  the  middle  part,  and  tlie  other  two  .are  the 
extremes  disjunct,  according  to  rule  2,  page  183 ;  therefore,  by  equation  2, 
page  183, 

Radius  x  co-sine  of  the  angle  B  s=  sine  of  the  angle  A  x  co-sine  of 
the  leg  AC. 

And  since  A  C  is  connected  with  the  required  part,  it  is  to  be  the  first 
term  in  Ae  proportion.    Hence, 

As  the  leg  A  C  =  56?30M0r  Log.  co-sine  ar.  comp.  s  10. 258238 
Is  to  radius  =  .  90.  0.  0  Log.  sine  =  •  .  •  •  10. 000000 
8p  is  the  angle  B  SB  70. 23.85        Log.  co-mne    •    .    .    •      9.525778 

f    07097/ oo# ) 

Tothe8ngleA=JjJ^  gj  37*  J   Log.  sine  =    ....      9.784016 

Note. — ^The  angle  A  is  ambiguous,  since  it  cannot  be  determined,  from 
the  parts  given,  whether  it  is  acute  or  obtuse. 

To  find  the  leg  B  C :— 

The  three  circular  parts  concerned  in  tins  case,  are  the  legs  A  C  and  B  C^ 
and  the  given  angle  A ;  and  since  the  right  angle  never  separates  the  legs, 
B  C  is  the  middle  part,  and  A  C  and  the  angle  B  are  the  extremes  coi^unct, 
by  rule  1,  page  183 ;  therefore,  by  equation  1,  page  183| 

Radius  x  sine  of  the  leg  B^  tangent  leg  A  C  x  co«tangent  angle  B. 

Now,  since  radius  is  connected  with  the  required  t^riP|  it  is  to  atwd  fifs( 
lA  th»  proportion.    Hence, 
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As  radius  =       .    .  90?  0'.  Or      Log.  sine  ar.  comp.  =  10.000000 

Is  to  the  leg-  A  C  =  56. 30. 40         Log.  tangent  ^     .    •  10. 179400 

So  is  the  angle  B  =  70.23.35         Log.  co-tangent  =    .  9.551719 


To  the  leg  B  C  =  {  H7.' 25. 27 '  }  ^*"  *'"®  ^     •    '    •      ^-  ^^^ ^ 
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Nofe.— -The  leg  B  C  is  ambiguous,  since  it  cannot  be  determined^  from 
the  parts  given^  whether  it  is  acute  or  obtuse. 

To  find  the  hypothenuse  A  B  :— 

Here  the  given  leg  A  C  is  the  middle  part,  because  it  is  disjoined  from 
the  other  two  circular  parts  concerned^  by  the  intervention  of  the  angle  A: 
hence  the  angle  B  and  the  hypothenuse  A  B  are  extremes  disjunct ;  there- 
fore, 

Radius  X  sine  of  leg  A  C  =  sine  of  hyp.  AB  x  sine  of  angle  B, 
And  since,  the  angle  B  is  connected  with  the  required  term,  it  is  to  stand 
first  in  the  proportion.     Hence^ 

As  the  angle  B  =  «  .  70?  23' 35  r  Log.  sine  an  comp.  =  10. 025941 
Is  to  the  leg  AC  =  .  .  56.30.40  Log.  sine  =  «  .  .  9.921162 
So  is  radius  =     .    •    .    90.   0.   0    Log.  sine  s    •    «    «     10. 000000 


liy'Jg.'so  )W-«ne=    •    .    .      9.947103 


Nofe.«— The  hypothenuse  AB  is  ambiguous;  that  is^  it  may  be  either 
acute  or  obtuse,  from  the  parts  given. 


Problbm  IV. 

Given  a  Leg  and  its  adjacent  Angle,  tojind  the  other  Angle,  the  other 

Leg,  and  the  Hypothenuse. 

Example. 

Let  the  leg  A  C,  of  the  spherical  triang]e  A  B  C,  be 
68?29M5r,  and  the  angle  A  74 ? 45^5 r;  Squired  the 
Tmgle  B,  the  leg  B  C,  and  the  hypothenuse  AB  ? 
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To  find  the  Angle  B  :—> 

Here  the  circular  parts  concerned  are^  the  leg  A  C^  the  given  angle  A^ 
and  the  required  angle  B ;  and  since  the  angle  B  is  disjoined  from  the 
other  two  parts  by  the  hypothenuse  A  B^  it  is  the  mtddfe  'partj  and  the 
other  two  are  the '  eor^reme^  di^unct,  by  rule  2,  page  183;  therefore^  by 
equation  2,  page  183, 

Radius  x  co-sine  angle  B  =a:  sine  of  angle  A  x  co-sine  leg  A  C. 

Now,  since  radius  is  connected  with  the  required  term,  it  is  to  stand 
first  in  the  proportion.    Hence, 

As  radius  =r    .    .    90?  0'  0^     Log.  sine  ar.  comp.  s=  10.000000"  * 
Is  to  the  angle  A  =  74. 45 .  15       Log.  sine  =    .    .    .      9. 984440 . 
So  is  the  leg  A  C  =  68. 29. 45       Log.  co-sine  =    .     .      9. 564156 

To  the  angle  B  =     69?  17'  17^    Log.  co-sine  =    •    .      9. 548596 

Note. — ^Th^  angle  B  is  acute,  or  of  the  saine  affection. with  its  opposite 
given  leg  A  C. 

To  find  the  Leg  B  C  :— 

■   •  * 

In  this  case,  since  the  right  angle  never  separately  the  legs^  the  threet 
circular  parts  are  joined  together:  hence  the  leg  AC  is  the  middle part^ 
and  the  leg  B  C  and  the  angle  A  are  the  extremes  conjunct,  according. to 
rule  1,  page  183 ;  therefore,  by  equation  1,  page  183, 

Radius  x  sine  of  leg  A  C  =  co-tangent  angle  A  x  tangent  of  leg  B  C. 

And  since  the  angle  A  is  connected  with  the  required  part,  it  is  to  be  the 
first  term  in  the  proportion*    Hence, 

As  the  angle  A  =  74?45'15''  Log.  co-tang.  ar.  comp.  =  10. 564549 
Is  to  radius  =  .  •  90.  0.  0  Log.  sine  =  ....  10. 000000 
So  is  the  leg  A  C  =    68. 29. 45       I^og.  sine  =     .     .     .     .      9. 968666 

To  the  leg  BC  =     73?40:20^r  Log.  tangent  =    ♦     .    .     10.533215 

Note. — ^The  leg  B  C  is  acute,  or  of  the  same  affection  with  its  opposite 
given  angle  A. 

To  find  the  Hypothenuse  A  B :— 

In  this  case,  since  the  three  circular  parts  which  enter  the  proportion 
are  joined  together,  the  given  angle  A  is  the  middle  part,  and  the  leg  A  C 
and  the  hypothenuse  A  B  are  t^e  extremes  conjunct :  therefore, 

Radius  x  co-sine  of  angle  A  =  tangent  of  leg  A  C  x  co-tangent  hypo- 
thenuse A  B* 
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Now,  the  leg  A  C,  being  connected  with  the  required  part^  is  therefore 
to  be  the  first  term  in  the  proportion.    Hence^ 

As  the  leg  A  C  =  .  .  G8?29'45r  Log.  tang.  ar.  comp.  =  9. 595490 
Is  to  radius  =  ...  90.  0.  0  Log.  sine  =  .  .  .  10. 000000 
So  is  the  angle  A  =     .     74. 45. 15       Log.  co-sine  =  .    .      9. 419891 

To  thehypothenuseAC=84?  5:  6r     Log.  co-tangent   =s       9.0153S1 

* 
Note.'^The  hypothenuse  is  acute^  because  the  given  leg  and  angle  are 

of  the  same  affection. 


Problem  V. 
Gken  (h^  two  Legiy  to  find  the  Angles  and  the  Hypothenuse. 

Example. 

Let  the  leg  AC^  of  the  spherical  triangle  ABC,  be 
70?10C20r,  and  the  leg  B  C  76?38  MOT;  required  the 
angles  A  and  B,  and  the  hypothenuse  AB  ?  t>  / 1  C 

« 

To  find  the  Angle  A  :•- 

Here,  since  the  right  angle  nefcer  separates  the  legSy  the  1^  A  C  is  the 
middle  part,  and  the  leg  B  C  and  the  required  angle  A  are  the  extremes 
conjunct f  agreeably  to  rule  I,  page  183 ;' therefore,  by  equation  1,  page  183, 

Radius  x  sine  leg  A  C  =  tangent  leg  B  C  x  co-tangent  angle  A. 

Now,  since  the  leg  B  C  is  connected  with  the  required  part,  it  is  to  be 
the  first  term  in  tlie  proportion.     Hence, 

As  the  leg  BC  =     76?38U0r     Log.  tangent  ar.  comp.  »     9.375506 

Is  to  radius  =     .    90.   0.   0       Log.  sine  = 10.000000 

So  is  the  leg  A  C  =70. 10. 20      Log.  sine  = 9. 973459 


To  the  angle  A  =    77?24C37^    Log.  co-tangent   =     .    .      9.348965 

Note. — ^The  angle  A  is  acute^  or  of  the  same  affection  with  its  opposite 
given  leg  B  C. 

To  find  the  Angle  B  :— 

In  this  case  the  leg  B  C  is  the  middle  part,  and  the  leg  A  C  and  the' 
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required  angle  B  are  the  extremes  canjuncty  according  to  rule  1^  page  183 ; 
therefore,  hy  equation  1,  page  183, 

Radius  x  sine  of  the  leg  B  C  =  tangent  of  leg  A  C  x  co- tangent 
angle  B*     .         . 

And^since  the  leg  A  C  is  connected  with  the  required  part^  it  is  to  be  the 
first  term  in  the  proportion.    Hence, 

As  the  leg  A  C  =  70?  10^  201  Log.  tangent  ar.  comp.  =  9. 556990 
Is  to  radius  =  .  .  90.  0.  0  Log.  sine  =  ....  10.000000 
So  is  the  leg  B  C  =  76. 38. 40      Log.  sine  =      9. 988093 

To  the  angle  B  =     70?40f  5^1  Log.  co-tangent  =     .    .      9. 545083 

No/e.— The  angle  B  is  acute,  or  of  the  same  affection  with  its  opposite 
given  leg  A  C. 

To  find  the  Hypothenuse  A  B  :— 

Here  the  hypothenuse  A  B  is  the  middle  party  because  it  is  disjoined 

from  the  legs  by  the  angles  A  and  B:  hence  AC  and  BC  are  extremes 

disjunct,  agreeably  to  rule  2,  page  183 ;  therefore,  by  equation  2,  page  183, 

Radius  x  co-sine  hypothenuse  A  B  ?:;  co-sine  leg  A  C  x  co-sine  leg  B  C 

And  radius,  being  coixnected  with  the  middle  part,  is  therefore  to  be  the 

first  term  in  the  proportion.    Hence, 

As  radius  =  .  .  90?  0!  OT  Log.  sine  ar.  comp.  =:  •  •  10.000000 
Is  to  the  leg  AC  =  70. 10. 20  Log.  co-sine  =  .  .  .  9. 530448 
So  is  the  leg  B  C  =  76. 38. 40      Log.  co-sine  =       .    .    .      9. 363599 

To  the  hyp.  AB  =  85?30^22r     Log.  co-sine  =       .    .    •      8. 894047 

Note. — ^The  hypothenuse  AB  is  acute,  because  the  given  legs  AC  and 
B  C  are  of  the  same  affection. 


Problem  VI. 
Given  the  two  Angles,  to  find  the  Hypothenuse  and  tli^  two  Legs. 

Example. 

Let  the  angle  A,  of  the  spherical  triangle  ABC,  be 
50?10r20r,aod  the  angle  B64?20^  25 r;  required  the  legs 
A  C  and  B  C,  and  the  hypothenuse  A  B  ? 
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Td  find  the  Hypothenuse  A  B  :— 

Here,  because  the  three  circular  parts  are  joined  together,  the  hypothe- 
nuse  A  B  is  the  middle  part,  and  the  angles  A  and  B  are  the  extremes 
conjunct,  agreeably  to  rule  1,  page  183 ;  therefore,  by  equationl,  page  183, 

Radius  x  co-sine  hypothenuse  A  B  r=  co-tangent  angle  A  x  co-tangent 
angle  B. 

Now,  since  radius  is  connected  with  the  required  part,  it. is  to  be  tlie 
first  term  in  the  proportibn.     Hence, 

>  •  4 

t 

As  radius  =1  .  .  .  90?  0!  OT  Log.  sine  ar.  comp.  =3  10.000000 
Is  to  the  angle  A  *  =  50. 10.  20  Log.  co-tangent  =  .  9. 921 161 
So  is  the  angle  B   =     64. 20. 25       Log,  co-tangent    =     •      9. 681605 

Tothehyp.  AB=     66?22^52r     Log.  co-sine  =      •    *      9.602766 

Note. — ^The  hypothenuse  A  B  is  acute,  because  the  given  angles  A  and 
C  are  of  the  same  affection.. 

fl 

To  find  the  leg  A  C  :— 

Here,  since  the  angle  B  is  disjoined  by  the  hypothenuse.  A  B  From  the 
other  two  circular  parts  concerned,  it  is  the  middle  party  and  the  angle  A 
and  the  required  leg  AC  are  the  extremes  disj^mct,  agreeably  to  rule  2, 
page  183 ;  therefore,  by  equation  2,  page  183, 

Radius  x  co-sihe  angle  B  =  sine  of  angle  A  X  co-sine  of  leg  AC. 

And  because  the  angle  A  is  connected  with  the  required  part,  it  Is  to 
stand  first  in  the  proportion.     Hence, 

•  •■  r 

As  the  angle  A  =z  50?  10' 20^  Log.  sine  ar.  comp.  =  .  10. 1 14654 
Is  to  radius  =:  .  90.  0.  0  Log.  sine  =  .  .  ^^  .  10.000000 
So  is  the  angle  B  =  64. 20. 25       Log.  co-sine     •    •    •     .      9. 636514 


TothelegAC   =     55?40:38r     Log.  co-sine  =     .     .    .      9.751168 

A^ote.— The  leg  A  C  is  acute,  or  of  the  same  affection  with  its  opposite 
given  angle  B. 

To  find  the  Leg  B  C  :— 

In  this  case  the  angle  A  is  the  middle  part,  because  it  is  disjoined  from 
the  other  two  circular  parts  by  the  hypothenuse  A  B :  hence  the  angle  B 
and  the  required  leg  BC  are  extremes  disjunct;  therefore, 

Radius  x  co-sine  of  angle  A  =  sine  of  angle  B  x  co-sine  of  leg  BC. 

And  as  the  angle  B  is  connected  with  the  required  part,  it  is  to  be  the 
first  term  in  the  proportion.    Hen^e, 
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As  the  angle  B  =:  64  ? 20  ^  45  r  Log.  sine  ar .  comp.  r:  .  1 0. 04509 1 
Is  to  radius  =  .  90.  0.  0  Log.  sine  =  .  •  ♦  .  10. 000000 
So  is  the  angle  A  =  50. 10.  20      Log.  co-sine      .    .    ,    .      9. 806507 


TothelegBC=     44?43niir    Log.  eo-sine  =     .    .    •      9.851598 

Note^ — ^The  leg  B  C  is  acute^  or  of  the  same  affection  with  its  opposite 
given  angle  A. 


SOLUTION  OF  QUADRANTAL  SPHERICAL  TRIANGLES, 

BY  LOGARITHMS. 

Paoblbm  I. 

Given  a  Q^iairantal  Side,  its  opposite  Angle^  and  an  adjacent  Angle,  to 
find  the  remaining  Angle  and  the  other  two  Stde«. 

/Zemarlc.-^Since  the  sides  of  a  spherical  triangle  may  be  turned  into 
angles^  and,  vice  versa,  the  angles  into  sides,  all  the  cases  of  quadrantal 
spherical  triangles  may  be  resolved  agreeably  to  the  principles  of  right-, 
angled  spherical  triangles ;  as  thus  :  let  the  quadrantal  side  be  esteemed 
the  radius ;  the  supplement  of  the  angle  subtending  that  side,  the  hypo- 
thenuse ;  and  the  other  angles  legs,  or  the  legs  angles,  as  the  case  may  be. 
Then  the  middle  part,  and  the  extremes  conjunct  or  disjunct,  being  esta- 
blished, the  required  parts  are  to  be  computed,  and  the  affections  of  the 
angles  and  sides  determined,  in  the  same  manner  precisely  as  if  it  were  a 
right-angled  spherical  triangle  that  was  under  consideration. 


Example. 

Let  A  B,  in  the  spherical  triangle  A  B  C,  be  the  qua- 
dranul  side  =  90?,  the  angle  C  120?19^30r,  and  the 
angle  A  47?30^  20r  5  required  the  sides  A  C  and  B  C,  and 
the  angle  B  ? 


Solution. — Let  the  supplement  of  the  angle  C  (59?40'30''),  subtending 
the  quadrantal  side  A  B,  represent  the  hypothenuse  a  6  of  the  doffed 
spherical  triangle  a  be.  Let  the  given  angle  A  47°30'20l'  represent  the 
leg  be  of  the  said  dotted  triangle,  and  the  required  angle  B  the  leg  a  e.    ' 

o 


^c 
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Then,  in  the  right-angled  spherical  triangle  abb,  given  the  ^ 

hypothenuse  ab  59°40130r,  and  the  leg  i&c  47?30^20r,  to  |/\ 

find  the  leg  a  c  =  the  angle  B  in  the  quadrantal  triangle ;  the  ^/      \ . 

angle  a  =  the  leg  B  C,  and  the  angle  b  =  the  leg  A  C,  of  the  ^  ^j^ ^\ 

said  quadrantal  triangle.  i^fsd'^^' 

To  find  the  Leg  a  c  =:  the  Angle  B  in  the  Quadrantal  Triangle  :— 

Here  the  hypothenuse  ab  is  the  middle  part,  and  the  legs  be  and  dc 
are  the  extremes  disjunct  -,  therefore, 

Radius  x  co-sine  hyp.  abzz  co-sine  leg  &c  x  co-sine  leg  a  c. 

NoWj  since  the  leg  6  c  is  connected  with  the  required  part,  it  is  to  be  the 
first  term  in  the  proportion.    Hence, 

As  the  leg  b  c  =:  47?30'  20?  Log.  co-sine  ar.  comp.  z:  .  10. 170363 
Is  to  radius  =  .  90.  0.  0  Log.  sine  =  ....  10. 000000 
So  is  the  hyp.  a  6=  59. 40.  SO      Log.  co-sine  =,..'.      9. 703209 

To  the  leg  a  c  =:    4 1  ?37 '  54?    Log.  co-sme  =..••.  9. 873572 

Abf e.— The  leg  a  c  is  acute,  because  the  hypothenuse  and  the  given  leg 
are  of  the  same  aflTection :  hence  the  angle  B  (in  the  quadrantal  triangle), 
represented  by  the  leg  a  c,  is  also  acute  =  41  ?37  •54? 

To  find  the  Angle  a  =:  the  Leg  B  C  in  the  Quadrantal  Triangle  :-— 

Here  the  leg  6  c  is  the  middle  part,  and  the  hypothenuse  a  b  and  angle  a 
are  the  extremes  di^unct ;  therefore, 

Radius  X  sine  of  leg  be  zz  sine  of  hypothenuse  ab  X  sine  of  the 
angle  a. 

And  since  the  hypothenuse  is  connected  with  the  required  part,  it  is  to 
be  the  first  term  in  the  proportion.    Hence, 

As  the  hyp.  ac  :=i  .  59?40^S0r  Log.  sine  ar.  comp.  =  10. 063901 
Is  to  radius  =  .  .  90.  0.  0  Log.  sine  =  ...  10. 000000 
So  is  the  leg  i  c  =:    .    47. 30. 20      Log.  sine  =      .    .    .      9. 867670 

To  the  angle  a  =     .    58?40:26r     Log.  sine  =      •    .    ,      9.931571 

Note. — ^The  angle  a  is  acute,  because  the  hypothenuse  and  the^ven 
leg  are  of  the  same  affection :  hence  the  leg  B  C  (of  the  quadrantal 
triangle),  represented  by  the  angle  a,  is  also  acute  s  58?40 C  26? 
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To  find  the  angle  £  ;=  the  Leg  A  C  in  the  Quadrantal  Triangle :— * 

In  this  case  the  angle  b  is  the  mddle  part,  and  the  hypothenuse  ah  and 
the  leg  b  c  are  the  extremes  conjunct ;  therefore^    .        ... 

Radius  x  co-sine  of  the  angle  b  ==  co- tangent  hypothenuse  ah  x  tan- 
gent of  leg  b  c. 

And  radius,  being  connected  with  the  required  partj  v^  thei«fore|  to 
stand  first  in  the  proportion.    Hence, 

As  radius  =  •  .  .  •  90?  0'.  OT  Log, linear* comp,  =  10.000000 
Is  to  the  hyp,  ab  zz  .59. 40. 30  Log.  co*^tangcnt  =  9. 767  HO 
Soistheleg£c=    .    .    47.30.20    Log.  tangent  :?    .    10*038033 

To  the  angle  i  ==     •    .    50?  19 '.19?  Log,  co-sine  =  •    •      9.805142 

JVbto.*— llie  angle  b  is  acute,. because  the  hypothenuse  and  the  given  1^ 
are  of  the  same  affection.  Hence,  the  leg  A  C  (of  the  quadrantal  triangle), 
rqpraaeoted  by  the  angle  i,  is  also  acute  9  50?  19C  19?« 


Problem  II. 

Qioen  the  Quadrantal  Side  and  the  other  two  Sidei,  to  find  the  three 

Jnglei. 

Example. 
Let  A  B,  in  the  spherical  triangle  A  B  C,  be      ^^ 


the    quadrantal   side  =:    90? ;    the    side    AC,     « 


^* 


5i' 


115?19M5r5  and  the  side  BG,  117?39:35r  j    ^ 
required  the  angles  A,  B^  and  C  ?  S 

Solution, — Let  the  angle  c,  in.  the  dotted 
spherical  triangle  a  £  c^  be  radius,  and  represent 
the  side  AB  =  90?  of  the  quadrantal  triangle 
ABC.  Let  the  angle  a,  of  the  dotted  triangle, 
represent  the  side^B  C  of  the  quadrantal  triangle 
=  117?39'.45^,  and  let  the  angle  b  represent 
the  side  A  C  of  the  said  quadrantal  triangle  = 
1 15?  19' 45 r.  Then,  in  the  right-angled  sphe- 
rical triangle  aba,  right-angled  at  c,  given  the  angle  a  =:  117?89'35?, 
and  the  angle6  =  115?19U5T,  to  find  the  hypothenuse  ai,  the  I^  ac, 
and  the  leg  i  c;  the  first  of  which  represeota  the  aupplimmt  of  the  an^ 

o2 
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C  opposite  to  the  quadrantal  side  A  B,  in  the  triangle  A  B  C ;  the  second 
represents  the  angle  B ;  and  the  third  the  angle  A,  in  the  said  quadrantal 
triangle. 

To  find  the  Hypothenuse  a  £  =:  the  Supplement  of  the  Angle  C, 
subtending  the  Quadrantal  Side  A  B  :— « 

Here  the  hypothenuse  a  i  is  the  middle  pari,  and  the  given  angles  a  and 
b  are  the  extremes  conjunct ;  therefore^ 

Radius  X  co^sine  hypothenuse  ab=  co-tangent  of  angle  a  x  co-tan- 
gent of  angle  6. — ^Now,  since  radius  is  connected  with  the  required  part,  it 
is  to  be  the  first  term  in  the  proportion.— Hence, 

As  radius  =7.    .    •    90?  01  Or  Log.  sine  ar.  compt.  =  10.000000 
Is  to  the  angle  a^    1 1 7-  39. 35     Log.  co-tangent  =  9.71 9427 

So  is  the  angle  6  =  1 15. 19. 45     Log.  co-tangent  =      ;    9. 675156 

To  the  hypo,  ab  =     75?38Mir  Log.  co-sine=  .    •    .    9.394583 

Nole.— The  hypothenuse  a  i  is  acute  because  the  given  angles  are  of  the 
same  affection : — but  since  it  only  represents  the  supplement  of  the  angle  C ; 
therefore  the  angle  C  is  obtuse,  or  104^21 '49r. 

To  find  the  Leg  a  c  =  the  Angle  B  in  the  Quadrantal  Triangle. 

The  angle  £,  in  this  case,  is  the  middle  part,  and  the  angle  a  and  leg  a  c 
extremes  disjunct. — ^Therefore,  radius  x  co-sine  of  angle  b  =  sine  of  angle 
a  X  co-sine  of  leg  a  c. 

And  the  angle  a  being  connected  with  the  required  part,  is,  therefore,  to 
be  the  first  term  in  the  proportion. — Hence, 

As  the  angle  a  =  1 17?19f35r  Log.  sine  ar.  compt.  =  10. 052703 
Is  to  radius  =  .  .  90.  0.  0  Log.  sine  =:  .  .  .  10.000000 
So  is  the  angle  i  =  1 15. 19. 45     Log.  co-sine  =:     •    .      9. 631259 

To  the  side  ac  =    118?52C57r  Log.  co-sine  =    .    .        9. 683962 

Note. — The  side  a  c  is  obtuse,  or  of  the  same  affection  with  its  opposite 
angle  b : — and  since  a  c  represents  the  angle  B  ;  therefore  the  angle  B,  in 
the  quadrantal  triangle,  is  obtuse,  or  118?52'57r« 

To  find  the  Leg  i  c  =  the  Angle  A  in  the  Quadrantal  Triangle. 

In  this  case  the  angle  a  is  the  middle  part,  and  the  angle  /;  and  leg  ic 
extremes  disjunct. — Therefore,  radius  x  co-sine  of  the  angle  a  =  sine  of 
theanglcib  x  co-sine  of  the  leg  £  c. 
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And  since  the  angle  b  is  connected  with  the  required  part,  it  is  to  be  the 
first  term  in  the  proportion.-— Hence, 

As  theangle  b  =s  115?19M5r  Log.  sine  ar.  compt.  ==  10.043896 
Is  to  radius  =  .  .  90.  0.  0  Log.  sine  =  .  .  •  t  10.000000 
So  is  the  angle  a  ==  1 1 7. 39. 35    Log.  co-sine  -  .    .    .9. 666723 

Tothelegics     120?54n2r  Log.co-sine  s  •    «    •    9.710619 

Noto^— The  leg  i  c  is  obtuse,  or  of  the  same  affection  with  its  opposite 
angle  a  : — and  since  the  leg  i  c  represents  the  angle  A,  in  the  quadrantal 
triangle;  therefore  the  angle  A  is  obtuse,  or  120?541 127. 

JZ^morfc.— From  the  ample  solutions  of  the  two  prececUng  Piroblemsy  it 
most  ai^pear  obvious,  that  all  the  cases  of  quadrantal  spherical  trianglea 
may  be  easily  resolved  by  the  equations  for  right-angled  spherical  triangles. 
And  if  the  analogies  of  those  two  Problems  be  well  understood,  all  the  c^h 
parent  difficulty  attending  the  trigonometrical  solution  of  quadrantal  trian- 
gles will  entirely  vanish. 


SOLUTION  OF  OBLIQUE-ANGLED  SPHERICAL  TRIANGLES 

BY  LOGARITHMS. 

The  most  natural,  and,  perhaps,  the  easiest  method  of  solving  the^oiir 
Jbrst  Problems,  or  cases  of  oblique-angled  spherical  triangles,  is  by  means 
of  a  perpendicular  let  fall  from  an  angle  to  its  opposite  side,  continued  if 
necessary ;  and  thus  reducing  the  oblique  into  two  right-angled  spherical 
triangles. — ^The  perpendicular,  however,  should  be  let  fall  in  such  a  manner 
that  two  of  the  given  parts  in  the  oblique  triangle  may  remain  known  in 
one  of  the.  right-angled  triangles  : — ^Then,  the  other  parts  may  be  readily 
computed  by  means  of  Lord  Napier's  analogies,  as  given  in  the  equations  I 
and  2,  page  183. — But,  since  the  solution  of  oblique-angled  spherical  triwi- 
gles  without  a  perpendicular  is  possessed  of  many  advantages  in  astrono- 
mical calculations  ;  and,  besides,  since  the  author's  object  is  to  establish 
the  use  of  the  Tables  contained  in  this  work  by  a  variety  of  rules  and  lbr« 
mulas  which,  it  is  hoped,  may  not  be  found  quite  uninstructive  to  persons 
but  slightly  informed  on  trigonometrical  subjects ;  the  different  cases  of  ob- 
li<pie  triangles  will,  therefore,  be  resolved  indq;)endently  of  a  perpendicular^ 
agreeably  to  the  propositions  generally  used  in  such  cases. 
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Problem  I. 

Given  Two  Sides  of  an  Oblique-angled  Splierical  Triangle^  and  an  Angle 

opposite  to  OK^  of  them;   to  find  the  remaining  Angles  and  the  Third 

Side. 

Rule. 

h'^Tb  find  an  angle  opposite  to  one  of  the  gb)sn  sides. 

At  the  log.  sine  of  the  side  opposite  to  the  giren  angle^  is  to  the  log«  tine 
of  the  given  augle ;  so  is  the  log.  sine  of  the  other  given  side^  to  the 
log.  sine  of  its  opposite  angle. 

Now^  to  know  whether  the  angle  thus  found  is  determinate ;  that  is, 
whether  it  is  ambiguous,  acute,  or  obtuse,  proceed  in  the  following  man- 
ner, viz.— To  the  angle  so  found,  and  its  supplement,  add  the  given  angle, 
or  that  used  in  the  proportion. — ^Then,  if  each  of  these  sums  be  of  the  same 
affection  with  respect  to  180?  as  the  sum  of  the  two  given  sides,  or  those 
used  in  the  proportion,  the  angle  is  ambigwms  ;  that  is,  it  may  be  either 
acute  or  obtuse;  and,  therefore,  indeterminate. — But,  if  those  sums  are  of 
different  affections  with  respect  to  the  sum  of  the  sides,  the  angle  is  deter- 
minate, and,  therefore,  not  ambiguous  :-^Iu  this  case  that  value  of  the 
angle  is  to  be  taken,  whether  acute  or  obtuse,  which,  when  added  to  the 
given  angle,  produces  a  quantity  of  the  same  affection  with  the  sum  of  the 
two  sides. 

2,^^Tofind  the  angle  contained  between  the  two  given  sides. 

Find  half  the  difference,  and  half  the  sum  of  the  two  given  sides :— -find^ 
also,  half  the  difference  of  their  opposite  angles.    Then  say. 

As  the  log.  sine  of  half  the  difference  of  the  sides,  is  to  the  log.  sine  of 
half  their  sum ;  so  is  the  log.  tangent  of  half  the  difference  of  their  oppo- 
site angles,  to  the  log.  co-tangent  of  half  the  angle  contained  between  the 
two  given  sides ;  the  double  of  which  will  be  the  angle  sought. 

3.— Tb^d  the  third  side. 

Since  the  sides  are  proportional  to  the  sines  of  their  opposite  angles ; 
therefore  the  third  side  may  be  found  by  the  converse  of  the  first  part  of 
the  rule ;  as  thus  : 

As  the  log.  sine  of  a  given  angle  opposite  to  a  given  side,  is  to  the  log* 
sine  of  that  side ;  so  is  the  log.  sine  of  the  given  angle  opposite  to  the  re- 
quired side,  to  the  log.  sine  of  the  required  side. 

]Vb(^.— When  the  angle  comes  out  ambiguous,  or  indeterminate,  in  the 
firiBt  proportion ;  the  contained  angle  and  the  third  side,  found  by  the  other 
proportions,  will  also  be  ambiguous. 
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Example. 


In  the  oblique-angled  spherical  triangle  ABC,  let 
the  side  A  B  be  74959^50r,  the  side  BC68?10^S0r 
and  the  angle  A  63?5S'32? ;  required  the  angles  B 
and  C,  and  the  side  AC?  "    ^^^^?^ 

To  find  the  Angle  C  :— 

As  the  side  BC  s  68?10f30r  Log.  sine  an  compt.  =  10.032301 
Is  to  the  angle  A  a  63.58.32  Log.  sine  .  .  •  =  9.953570 
So  is  the  side  A  B=  74. 59. 50    Log.  sine     ...     =9. 984938 


To  the  angle  C  =     69?  13 '.37r  Log.  sine     .    .    .     =    9.970809 

To  determine  whether  the  Angle  C  is  Ambiguous^.  AcutCj  or  Obtuse  :— 

Angle CsE69?13l37r  Sup.       =::  110?46^23r  SideBCs   68?10!30? 
Angle  A  =  63. 58. 32  Angle  A   »  68.58.32    SideAB»    74.59.60 


irffc 


Sum  =    133?12^  9r  Sum  =       174?44:55r  Sum  =        143?10/20r 

Here^  since  the  three  sums  are  of  the  same  affection  with  respect  to  180? 
the  angle  C  is  ambiguous ;  therefore  it  may  be  either  69. 13^37?  or  tba 
supplement  thereof ;  y\z.,  1 1 0?  46  C  23  r. 

To  find  the  Angle  B  :— 

As  the  side  AB- the  side  B  Ch-2=3? 24 :  40r  Log. S.  ar.  compt.  1 1. 225463 
IstotheS.AB+theS.BCH-2=71.35. 10  Log. sine  «=  .  .  9.977174 
So  is  the  ang.  C-the  ang.  A-i-2=2. 37. 32^    Log.  tangent  =     8. 661426 


.ta*i^ 


To  half  the  angle  B  «  •    .    .   53?49'  22r  Log.  co-tangent     9. 864083 


Angle  B  =  ..•••  .  107.38.44;  which  is  ambiguous  because 
the  angle  C  came  out  indeterminate. 

TofindtheSide  ACi- 
As  the  angle  A  =  .    •    63?58^32r  Log.  sine  ar.  compt.     10.046430 
Is  to  the  side  B  C  =r  .    68. 10.30.   Log.  sine  s  .    •    .    •    9.967690 
So  is  the  angle  B  s    .  107. 38. 44.   Log.  sine  =    ....    9. 979070 

TothesideACs  .  100?  6U7-  Log.smes  .  .  ,  .  9.993199 
The  side  A  C  is  also  ambiguous  becau^  the  angle  C  came  out  indeter- 
minate. 


20Q  SPHBRICAL  TRIGON0M£TRy» 

Problem  II. 

Gioen  Jloo  Angles  of  an  Oblique  Angled  Spherical  Triangle,  and  a  5We 
opposite  to  one  of  them  ;  to  find  the  remaining  Angle  and  the  other  Two 

Sides. 

Rule. 

l.^Toftnd  a  side  opposite  to  one  of  the  given  angles. 

As  the  log.  sine  of  the  angle  opposite  to  the  given  side,  is  to  the  log.  sine 
of  the  given  side :  so  is  the  log.  sine  of  the  other  given  angle,  to  the  log. 
sine  of  its  opposite  side. 

Now,  to  know  whether  the  side  thus  found  is  ambiguous,  acute,  or  ob- 
tuse,  proceed  as  followis ;  viz., 

To  the  side  so  found,  and  its  supplement,  add  the  given  side,  or  that 
used  in  the  proportion. — Then,  if  each  of  these  sums  be  of  the  same  affec- 
tjofi  with  respect  to  1 80?  as  the  swm  of  the  two  given  angles,  or  those  used 
in  Uie  proportion,  the  side  is  ambiguous  ;  that  is,  it  may  be  either  acute, 
or  obtuse ;  and,  therefore,  indeterminate. 

But,  if  those  sums  are  of  different  affections  with  respect  to  the  sum  qf 
the  angles,  the  side  is  not  ambiguous :  in  this  case  that  value  of  the  side  is 
to  be  taken,  whether  acute  or  obtuse,  which,  when  added  to  the  given 
side,  produces  a  quantity  of  the  same  affection  with  the  sum  of  the  angles. 

2.— To^nd  the  side  contained  between  the  two  given  angles. 

Find  half  the  difference,  and  half  the  sum  of  the  two  given  angles  :--«- 
find,  also,  half  the  difference  of  their  opposite  sides. — ^Then  say, 

•  As  the  log.  sine  of  half  the  difference  of  the  angles,  is  to  the  log.  sine  of 
half  their  sum ;  so  is  the  log.  tangent  of  half  the  difference  of  their  oppo- 
site sides,  to  the  log.  tangent  of  half  the  side  contained  between  the  two 
given  angles ;  the  double  of  which  will  be  the  side  sought. ' 

3. — To  find  the  third,  or  remaining  angle. 

As  the  log.  sine  of  a  given  side  opposite  to  a  given  angle,  is  to  the  log, 
tine  of  that  angle ;  so  is  the  log.  sine  of  the  side  opposite  to  the  required 
angle,  to  the  log.  shie  of  the  required  angle. 

•  «  •  • 

Nofe.— When  the  side  comes  out  ambiguous,  or  indeterminate,  in  the 
first  proportion ;  the  contained  side  and  the  third  angle,  found  by  the  other 
proportionsi  will  also  be  ambiguousi 
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Example. 

Let  the  angle  A^  of  the  spherical  triangle  ABC, 
be  130?40M3r,  the  angle  C  41?39^40r,  and  the 
side  B  C  1 15^  IOC 25r  ;  required  the  angle  B^  and    B 
the  sides  A  B  and  AC? 

To  find  the  Side  A  B  :— 

As  the  angle  A  s  ]30?40U3r  Log.  sine  ar.  comptt  =  10. 120114 
Is  to  the  side  BC  si  15. 10. 25  Log.sinea  •  .  •  •  9.956660 
So  is  the  angle  C  z::   41.39.40  Log.  sine  s=s     •    •    .    »    9.822641 


■•i* 


To  the  side  AB=     52?29C28r  Log.  sine  s     .    •    .    •    9.899415 

To  determine  whether  the  Side  AB  is  Ambiguous,  Acute,  or  Obtuse  :-r- 

SideAB  52?29:28r  Supplements  127?SO^S2?  Angle  A  130?40^48? 
SideBC115.lO.25    Side  B  C  =       115.10.25    Angle  C    41.89.40 

Sum  s  167?39C53r  Sum  s:s    •    •   242?50'57r  Swib     172?a0'88f 

Here,  since  the  two  first  sums,  viz.  A  B  and  B  C^  and  the  supplement  of 
ABandBC,  are  of  different  affections  with  respect  to  180?,  the  side  A  Bk 
not  ambiguous ; — and  since  the  sum  of  the  acute  vahie  of  A  B  added  to 
B  C  is  of  the  same  affection  with  the  sum  of  the  aisles  j  therefiire  the  aide. 
AB  isacute  ^  52?29:28r. 

TofindtheSide  AC:~ 

As  the  ang.  A— the  ang.  C-i-2=:44?30'31|r  Log,  S.  ar.compt  10. 154271 
Is  to  angle  A  +  angle  C  h-  2=86. 10. 1 1|    Log.  sine  s   ,    ,    9. 999029 

Sois  theS.BC-S.ABH-2=:31.10.28|  Log. tangents    .    9.784614 

■ 

To  half  the  side  A  C  =   .    .    40?55 '  6r  Log.  tangent       .    9. 937914 

Side  AC  = 81?50a2r;  which  is  acute,  because  the 

side  A  B  came  out  determinate,  and  that  its  acute  value  applied  to  B  C  is 
of  the  same  affection  with  the  sum  of  the  angles. 

To  find  the  Angle  B :— 

*  *  ■ 

As  the  side  B  C  =:  .  .  115?10:25r  Log.  S.  ar.compt.  •  .  10»04S340 
Is  to  the  angle  A  =  .130.40.43  Log.sine=  .  .  «  •  9.879886 
SoisthesideACs  .    81.50.12     Log.sine^    •    •    t    #    9.995577 


e" 


To  the  angle  B  s  ,    ,    56?  2MUrLog.8ioe  s  .    ,    ,    ,   9.918808 
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Notc^The  aiigle  B  is  acute  like  its  opposite  side  A  C^  because  the  side 
A  B  is  not  ambiguous ;  and  that  its  acute  value  applied  to  the  side  B  C  is  of 
the  same  affection  with  the  sum  of  the  angles. 


rttalMkn 


Problem  IIL 

Okm  TI0O  Sides  qf  an  ObUque-mtgled  Spherical  TViangle,  and  the  Angle 
contained  between  them  ;  to  find  tlie  other  T\vo  Aitgles  and  the  TTnrd 
Sde. 

Rule. 

l.'-^Tofind  the  other  two  aitgles. 

As  the  log.  co-sine  of  half  the  sum  of  the  two  given  sidesi  is  to  the  log. 
co«sine  of  half  their  difference  ;  so  is  the  log.  co-tangent  of  half  the  con- 
tained angle,  to  jthe  log.  tangent  of  half  the  sum  of  the  other  two  angles. 

Half  the  sum  of  the  angles  thus  found,  will  be  of  the  same  affection  with 
half  the  sum  of  the  sidesd— Again  t  As  the  log.  sine  of  half  the  sum  of  the 
two  given  sides,  is  to  the  log.  sine  of  half  their  difference  |  so  is  the  log.  co- 
tangent of  half  the  contained  angle,  to  the  log.  tangent  of  half  the  differ- 
ence of  the  other  two  angles. — Half  the  difference  of  the  angles,  thus  fiiund, 
will  always  be  acute. 

Now^  half  the  sum  of  the  two  angles,  added  to  half  their  difference,  will 
^ve  the  greater  angle  $  and  half  the  difference  of  the  angles  subtracted  from 
half  iheir  sum  will  leave  the  lesser  angle* 

2.— To  find  the  third  side. 

The  angles  being  known,  the  third  or  remaining  side  is  to  be  computed 
by  Rule  3,  Problem  I.,  page  198. 


Example. 

Let  the  side  A  C,  of  the  spherical  triangle 
ABC,  be  78'?45n6r,  the  side  AB  69?55:55r, 
and  the  contdned  angle  126?30^20f ;  required 
the  anglesBandC,  and  the  side  BC? 
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To  find  the  Angle  B  :— 

As  the  side  AC+ABH-2=74?20^35r  Log.  co^sine  ar.  comp.= 10. 568834 

l8tothesideAC-AB-r2=  4.24.40    Log.co.sine=  .  .     .    9.996712 

So  is  the  angle    A  h-3=63.  15. 10    Log.  co -tang.  =  .  .     .    9.702414 

To  i  the  sum  of  the  an.=  61  ?45 :38r  Log.  Ungent  =  .  .     .10. 269960 
Half  diff.  of  the  angles  =    2. 18. 19,  as  below 


•m^m^^m^^ 


Sum  =     ...  64?  3:57^  =  Angle  B. 

To  find  the  Angle  C  :— 

A8thesideAC+AB-t^2s  74?20:35r  Log.  sine ar.compt.s  10.016421 
IstothesideAC— ABh-2=  4.24.40  Log.  sine  =  .  .  .  8.885996 
So  is  the  angle  A  h-  2  =       63. 15. 10  Log.  co-tangent  =    .    9. 702414 

To  half  the  diff.  of  the  ang.^s  2?  18 :  19r  Log.  tangent  =?    .    •    8. 604831 

Half  sum  of  the  angles  =     61  •  45. 38,  as  above 

« 

Difference  =     .     .  59?27n9r  =  Angle  C 

iVb/^.— The  half  sum  of  the  angles  came  out  acute,  because  the  half  sum 
of  the  sides  is  acute  :  the  half  difference  of  the  angles  is  always  acute. 

To  find  the  Side  B  C  :— 

As  the  angle  B  =  64?  3:57^  Log.  sine  ar.  compt.  =  10.046097 
Is  to  the  side  A  C  »  78. 45. 15  Log.  sine  =  ....  9. 991580 
So  is  the  angle  A  =:  126. 30. 20    Log.  sine  =  .     .     .     .    9. 905 1 48 

TothesideBC  =  118?45:347  Log.sme=    .     .     .     .9.942825 

Remark  1. — The  side  B  C  may  be  found  directly,  independently  of  the 
angles  B  and  C,  by  the  following  general  Rule. 

To  twice  the  log.  sine  of  half  the  contained  angle,  add  the  log.  sines  of 
the  two  containing  sides  ;  from  half  the  sum  of  these  three  logs,  subtract 
the  log.  sine  of  half  the  difference  of  the  sides^  and  the  remainder  will  be 
the  log.  tangent  of  an  arch :  the  log.  sine  of  which  being  subtracted  from 
the  half  sum  of  the  three  logs,  will  leave  the  log.  sine  of  half  the  required 
side. 

Example. 

Let  the  side  A  C,  of  a  spherical  triangle,  be  62?  10^25?,  the  side  A  B 
50?14'45r,  and  the  included  angle  A  123?li:40r;  required  the  side 
BC? 
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Halfang.A=61?36^50r  {^Z}  =  19.888596 
Side  A  C  =  62- 10. 25  Log.  sine  =  9. 946632 
Side  A  B  =  -60. 14. 45    Log.  sine  =    9. 88581 1 


Sums  39.721039 


Diff.of Sides  ll?55140r  Half  =  19.860519J      .     .  19.8606194 


Half  ditto  =    5^67'60r  Log.  sine    =    9.016622 


Arch  =  .     .  8l960^62r  Log.  tang.  =  10. 8438974  Log. S.  =9. 996588^ 


i  Side BCs  47?  6C60r  =  Log. sines 9.864932 


Side  EC  s  94n3f40r,a8  required. 

Remark  2.— The  side  B  C  may  be  also  computed  by  the  following 
general  ruie^  viz. 

To  tmce  the  log.  sine  of  half  the  contained  angle^  add  the  log.  sines  of 
the  two  containing  sides,  and  the  constant  logarithm  6,301030 ;  the  sum 
(rejecting  40  fcom  the  index)  |  will  be  the  log.  of  a  natural  number : — ^which 
being  added  to  the  natural  versed  sine  of  the  difference  of  the  containing 
sides,  the  result  will  be  the  natural  versed  une  of  the  third  side. 

Thus,  to  find  the  side  B  C  in  the  above  example. 

• 

Half  included  ang.  A=61?35'50f  twice  the  log.  sine  =  .     .  19.888o96 

Side  A  C  =  .     .     .    62. 10. 26    Log.  sine  - 9. 946632 

Side  A  B  s  .     .     .    50. 14. 45   Log.  sine  = 9. 88581 1 

Constant  Logarithm  = 6. 301030 

Diff.  of  the  sides  ll?55M0r  N.V.S.  =  021591  

Natural  number  = 1052130  =  Log.  6. 022009 


Side  B  C  =  .  94?13M0r  N.V.S.  =  1.073721 ;  the  same  as  above. 

'J' 
Note. — ^This  formula  will  be  found  exceedingly  useful  on  many  Astro- 
nomical  occasions. — And,  when  the  index  of  the  sum  of  the  four  Loga- 
rithms is  6,  as  in  the  above  e^cample,  the  natural  number  corresponding 
thereto  may  be  very  readily  found  in  the  second  part  of  Table  XXVII., 
between  pages  153  and  IW.  l/al  %. 
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Problbm  1V» 

Ghen  Two  Angles  of  a  Spherical  Triangle,  and  the  Side  ctmprehended 
between  them  ;  to  find  the  remaining  Angle  and  the  other  Two  Sides. 

Rule. 
K— To^/id  the  other  two  sides. 

As  the  log.  co-sine  of  half  the  sum  of  the  two  given  angles^  is  to  the  log* 
co-sine  of  half  their  difference ;  so  is  the  log.  tangent  of  half  the  compre' 
hended  side,  to  the  log.  tangent  of  half  the  sum  of  the  other  two  sides. 

Half  the  sum  of  the  sides,  tlius  found,  will  be  of  the  same  affection  with 
the  half  sum  of  the  angles. 

Again. — As  the  log.  sine  of  half  the  sum  of  the  two  given  angles,  is  to  the 
log.  sine  of  half  their  difference ;  so  is  the  log.  tangent  of  half  the  compre- 
hended side,  to  the  log.  tangent  of  half  the  difference  of  the  other  two 
sides. 

Half  the  difference  of  the  angles,  thus  found,  will  always  be  acute* 

Now,  half  the  sum  of  the  two  sides,  added  to  half  their  difference,  will 
give  the  greater  side ;  and  half  the  difference  of  the  two  sides,  subtracted 
from  half  their  sum,  will  leave  the  lesser  side. 

2.^Tofind  the  remaining  angle. 

The  sides  and  two  angles  being  known,  the  remaining  or  third  angle  19 
to  be  computed  by  Rule  3,  Problem  II.,  page  200. 

Example. 

Let  the  angle  A,  of  the  spherical  triangle  ADC, 
be  63?50'25r  ;  the  angle  C  58?40'.  15r,  and  the 
comprehended  side  A  C  87^30' 40^  ;  required  the 
sides  A  B  and  B  C,  and  the  remaining  angle  B  ? 

To  find  the  Side  B  C  :— 

As  the  angle  A  +  angleC-4-2=61M5^20r  L.  co-sine  ar.com.  =10.317942 
Is  to  the  ang.  A— ang.C-*-2=  2.35.  5  Log  co-sine  =  .  •  9. 999557 
So  is  the  side  A  C  -t-  2  =       43. 45. 20     Log.  tangent  =   .    •  9. 981 129 

To  half  the  sum  of  the  sides=fi3?  18^  28r  Log.  tangent  =  *  10.  298628 
Half  difference  of  the  sides  =  2. 49. 10,  as  in  the  next  operation. 

Sum  =       66?  7'38:  =  the  side  BC. 
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To  find  the  Side  A  B:— 

As  the  angle  A+angleC^2=61?15^20r  L.  sine  ar.  compt.  =10.057113 
Is  to  angle  A  —  angle  C-h2=  2. 35.  5  Log.  sine  =  •  .  8. 654144 
So  is  the  side  AC  h-  2  =      43. 45. 20    Log  tangent       .    .    9. 981 129 

To  half  the  diflF.  of  the  sides  =2?49^  lOr  Log  tangent  =  .  8. 692386 
Half  sum  of  the  sides  =    .     63. 18.28,  as  in  the  last  operation. 

Difference  =  60?29:i8r  =s  the  aide  A  B, 

Hole. — The  half  sum  of  the  sides  came  out  acute  because  the  half  sum  of 
the  angles  is  acute }  the  half  difference  of  the  sides  must  be  always  acute. 

To  find  the  Angle  B  :-^ 

As  the  Side  B  C  =  66?  7'38r    Log.  sine  ar.  compt.  =:  10. 038842 

Is  to  the  angle  A  =  63.50.25     Log.  sine  »       ....  9.958068 

So  is  the  side  A  C  =  87. 30. 40    Log.  sine  =       ....  9. 999590 

To  the  angle  Bs     .  78^42!  37  Log.  sine  =     ....  9.991500 

Bemark  1.— The  angle  B  may  be  found  directly  by  the  following  gene- 
r|d  rule. 

To  twice  the  log.  co-sine  of  half  the  given  side^  comprehended  between 
the  two  given  angles,  add  the  log.  sines  of  those  angles  :  from  half  the  sum 
of  these  three  logs,  subtract  the  log.  sine  of  half  the  difference  of  the  an- 
glesy  and  the  remainder  will  be  the  log.  tangent  of  an  arch. — ^Now,  the  log. 
sine  of  this  arch  being  subtracted  from  the  half  sum  of  the  three  logs,  will 
leave  the  log.  sine  of  half  the  required  angle. 

Thus,  to  find  the  angle  B  in  the  above  example. 

Half  side  AC  =  43945:20r  rSSiSi".'^}^  19. 717432 
Angle  A  =  63. 50. 25   Log  sine  =       9. 953068 

Angle  C  =         58. 40. 15  Log.  sine  ==      9. 93 1557 

Sum  =  39. 602057 


Diff.oftheang.=5?10nOr         Half  =  19.801028i.     .     19.801028^ 

Halfdiff.ofdo.=2.35.   5    Log.  sine  =     8.654144 

Arch  s  85?55: 17^     .     Log.  tangents  11. 146884^ Lg.S.=9. 998899 


Half  the  required  angle  =  39?21 '.  1 1  Log.  sine    =     .    .     .     9. 802129^ 

Hence,  the  angle  B  is  =    78?42!2r;  which  differs  11  from  the  angle 
found  as  above. 
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Bemark  2.— The  angle  B  may  be  also  very  readily  computed  by  the  fol- 
lowing general  Rule ;  viz.. 

To  twice  the  log.  co-rine  of  half  the  given  side^  comprehended  between 
the  two  given  angles,  add  the  log,  sines  of  those  angles,  and  the  sum  (reject- 
ing 30  from  the  mdex),  will  be  the  log.  of  a  natural  number.— Now,  the  soqi. 
of  twice  this  natural  number  and  the  natural  versed  sine  of  the  difference  of 
the  angles,  will  be  the  natural  versed  sine  of  the  required  angle. 

Thus,  to  find  the  angle  B  in  the  last  example. 

Half  the  given  side  A  Cs  43?45  f  20r  twice  the  log.  co-sine  s  19. 7 17432 
Angle  A  as  ....  63.50.25  Log.  sine  as  ....  9.953068 
Angle  C=    ....    58. 40. 15  Log.  sine  =:   .    .    .    «    9.931557 

Natural  number  =     .    .    •    .    399998s=Log.  9. 602057 

Twice  the  natural  number  =    •    799996 
Diff.  of  the  ang.=  5?  10^  lOr  nat  versed  sine  =  004067 


Angle  B  =  78?42'  27  nat.  versed  sine  =s  804063}  the  same  as  by 
the  former  Rule. 

Pboblbm  v. 
Given  the  Three  Sides  of  a  Spherical  THangle,  to  find  the  Anglee. 

RULB. 

Add  the  three  sides  together  and  take  half  their  sum  ;  find  the  diflerence 
between  this  half  sum  and  the  side  opposite  to  the  required  angle,  which 
call  the  remainder ;  then. 

To  the  log.  co-secants,  less  radius,  of  the  other  two  sides,  add  the  log. 
sines  of  the  half  sum  and  the  remainder  :— half  the  sum  of  these  four  logs. 
will  be  the  log.  co-sine  of  an  arch,  which  being  doubled  will  be  the  required 
angle. 

One  angle  being  thus  found,  the  renuuning  angles  may  be  computed  by 
Rule  3,  Problem  II.,  page  200. 

Example.  ' 

In  the  spherical  triangle  ABC,  let  the  side  A  B 
be70?llC45r,  the  side  AC  81?59'.55r,  and  the     v^; 
side  B  C  120?  lO^SOr ;  required  ^the  angles  A,  B,  3  ^ 
andC? 
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Side  B  C  = 
Side  A  C  =! 
Side  A  B  =: 


Sum 


To  find  the  Angle  A  :— 

.  120?10J50r 

.    81 .  59. 55  Log.  co-secant,  less  radios: 

.    70. 1 1. 45  Log.  co-secant,  less  radius: 

.  272. 22. 30 


.0. 004248 
iO. 026477 


Halfsum  =  136.11.15  Log.  sine  = 9.S40295 

Remainders  16.  0.25  Log.  sine  = 9.440522 

Sum  =  .    .    .    19.311542 


Arch=.    :  63?  6'  81  =  Log.  co-sine  =      .    .    9.655771 
Angle  A  =  126?10M6r 


As  the  side  B  C  =  • 
Is  to  the  angle  A  = 
So  is  the  side  AGs 

To  tlie  angle  B  =  . 


To  find  the  Angle  B  :— 

.     1209lO'50r  Log.  co-secant 
.     126.10.16  Log.  sine  =     . 
81.59.55   Log.  sine  =     • 

.      67^37 '52r  Log.  sine  =  . 


10.063262 
9.907012 
9.  995752 

9. 966026 


As  the  side  B  C  =  •  • 
Is  to  the  angle  A  =  • 
So  is  the  side  A  B  :=  • 

To  the  angle  C  =  .  . 


To  find  the  Angle  C  .— 

.     120?10'50r  Log.  co-secani 
.     126. 10. 16     Log.  sine  = 
70.  1 1 .  45  Log.  sine  = 


10.063262 
9.907012 
9. 973523 


61?28:3ir  Log.sine    =.     .      9.943797 


Remark, — ^The  required  angle  of  a  spherical  triangle  (when  the  three 
rides  are  given),  may  be  also  found  by  the  following  general  Rule ;  \\z,, 

Add  the  three  sides  together  and  take  half  their  sum  :  find  the  difference 
between  this  half  sum  and  each  of  the  sides  containing  the  required  angle^ 
and  note  the  remainders. — ^l^hen. 

To  the  log.  co-secants,  less  radius,  of  those  sides,  add  the  log.  sines  of  the 
two  remainders  : — ^half  the  sum  of  these  four  logs,  will  be  the  log.  sine  of 
half  the  required  angle. 


Thus^  to  find  the  angle  A  in  the  last  example. 
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SideBC  =  .    .    .     120?10C50r 

Side  AC  =       .    .      SI. 59. 55  Log.  co-secant,  less  radiussO. 004248 

Side  A  B  =      .     .      70. 1 1 .  45  Log.  co-secant,  less  radiusssO,  026477 

• 

Sums  .    .    .    .     272.22.30 


Half  sum     .    .  136?lin5r 

Remainder,  by  AC  =   54. 11.20  Log.  sine  =    •    .    .    ;    .9.908994 

Remwnder,byAB  =  65.59.30  Log. sine= 9.960702 


Sum  =  .    .  19.900421 


Half  the  angle  A  =     63?  5'.  81  Log.  sine  =      ....    9.9502101 

Which  being  doubled,  shows  the  angle  A  to  be  126?  IOC  16T ;  the  same 
as  by  the  former  rule. 


Probuii.  VI. 
Oken  the  Three  Angles  of  a  Spherical  THangle^  to  find  the  Sides. 

Add  the  three  angles  together  and  take  half  their  sum ;  find  the  diiffer- 
ence  between  the  half  sum  and  the  angle  opposite  to  the  required  side, 
which  call  the  remainder. — ^Tlien, 

To  the  log.  co-secauts,  less  radius,  of  the  other  two  angles,  add  the  log. 
co-sines  of  the  half  sum,  and  the  remainder ;  half  the  sum  of  these  four 
logs,  will  be  the  log.  sine  of  half  the  required  side. 

One  side  being  thus  found,  the  remaining  8ide»  may  be  computed  by 
Rule  3.  Problem  I.,  page  198. 

Example. 

In  the  spherical  triangle  ABC,  let  the  angle  A 
be  125?16C25r;  the  angle  B  84  ?  20  C50r,  and  the 
angle  C  72?40: 15^ ;  required  the  sides  B  C,  A  B,  ^ 
and  A  C  ? 
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To  find  the  side  B  C  :— 

Angle  A  =      .    .  125?  16^25? 

Angle  B=      .    .    84. 20. 50  Log.  co-secant,  less  radius  =     0.002117 

Angle  C=     .    .     72.40. 15  Log.  co-secant,  less  radius  =     0.020174 

Sums    .    .    .    282.17.30 

Half  sums.  .  HI?  8  U5r  Log.  co-sine  =  ....  9.891395 
Remainders    .      15. 52. 20  Log.  co-sine  =        ....    9.983118 

Sums  .  .  19.896804 
Half  the  side  B  C  a  .  .  62?37'13r  Log.  sine  =  .  .  .  9.948402 
The  double  of  which  gives  125?14'26r,  for  the  whole  sideBC. 

To  find  the  Side  A  B  :— 

As  the  angle  A  =  \  .  125?16'25r  Log.  co-secant  =  .  .  10.088095 
Is  to  the  side  B  C  =  .  125. 14. 26  Log.  sine  =  ....  9. 912083 
So  is  the  angle  C  =  .      72. 40. 15  Log.  sine  =s  .    .    .    .    9. 979626 

To  the  side  A  B  =  .    .    72?44M6r  Log.  sine  =      ...    9. 980004 

To  find  the  Side  A  C  :— 

As  the  angle  A  =  1 25  ?  1 6 :  25  r  Log.  co-secant  =       ...  10. 088095 

Is  to  the  side  B  C  r=  125. 14. 26  Log.  sine  = 9. 912083 

So  is  the  angle  B  =    84.  20. 50  Log.  sine  = 9. 997883 

To  the  side  A  C  =       84  ?35  f  25  r  Log.  sine  =       ....    9. 998061 

Uemark. — The  required  side  of  a  spherical  triangle  (when  the  three  an- 
gles are  given,)  may  be  also  found  by  the  following  general  rule ;  viz.. 

Add  the  three  angles  together  and  fake  half  their  sum  ;  find  the  differ- 
ence between  the  half  sum  and  each  of  the  angles  comprehending  the  re- 
quired side,  and  note  the  remainders. — ^Thcn  to  the  log.  co-secants  less  ra- 
dius, of  those  angles,  add  the  log.  co-sines  of  the  two  remainders  :  half  the 
sum  of  these  four  logs,  will  be  the  log.  co-sine  of  half  the  required  side. 

Thus,  to  find  the  side  B  C  in  the  last  example. 
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AngleA  =  .    .     125?16?25r 

Angle  B  =3      .       84. 20. 50  Log.  co-secant,  less  radius  ==  0. 0021 17 

Angfe  C  =      .      72. 40. 15  Log.  co-secant,  less  radius  =  0.020174 


Sum  =  282.17*30 


Half  sum  =  .     .  Ul?  8:45r 

Remainder  byBs  56. 47.55  Log.  co-sine  = d.  738450 

Remainder  by  Cs  68. 28. 30  Log.  co-sine  = 9. 564656 


Sum  s  19. 325297 


Half  Side  BC=    ....   62?37nsr  L^.  co-sine  =  .    9.662648{ 

Which  being  doubled  gives  =:  125?14C26r^  for  the  side  BCj  the  same 
as  by  the  former  rule. 


THE  RESOLUTION'  OF  PROBLEMS  IN  NAVIGATION  BY  LOG- 
ARITHMS] AND,  ALSO,  BY  THE  GENERAL  TRAVERSE 
TABLE. 

Lest  the  mariner  should  feel  some  degree  of  disappointment  in  not  find- 
ing a  regular  course  of  navigation  in  this  work  :  the  author  thinks  it 
right  to  remmd  fnmy  that  his  present  intention  carries  him  no^farther  than 
merely  to  show  the  proper  application  of  the  Tables  to  some  of  the  most 
useful  parts  of  the  sciences  on  which  he  may  touch : — it  being  completely  at 
variance  with  the  plan  of  this  work,  to  enter  into  such  parts  of  the  sciences 
as  could  reasonably  be  dispensed  with,  without  entirely  losing  sight  of  their 
principles. — Hence  it  is,  that  the  cases  of  plane  sailing,  usually  met  with  in 
books  on  navigation,  will  not  be  noticed  in  this. — However,  since  it  is  not 
improbable  that  this  volume  may  fall  into  the  hands  of  persons  not  very 
deeply  versed  in  nautical  matters ;  it  therefore  may  not  be  deemed  unhe-> 
cessary  to  give  a  few  introductory  definitions,  &c.  for  their  immediate  guid- 
ance, previously  to  entering  upon  the  essentially  useful  parts  of  the  sailings. 


Navigation  is  the  art  of  conducting  a  ship,  through  the  wide  and  path- 
less ocean,  from  one  part  of  the  world  to  another.— Or,  it  is  the  method  of 
finding  the  latitude  and  longitude  of  a  ship's  place  at  sea ;  and  of  thence 
determining  her  course  and  distance  from  that  place,  to  any  other  given 

place. 
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The  Equator  is  a  great  circle  circumscribing  the  earthy  every  point  of 
which  18  equally  distant  from  the  poles ;  thus  dividing  the  globe  into  two 
equal  parts,  called  hemispheres  :  that  towards  the  North  Pole  is  called  tlie 
northern  hemisphere,  and  the  other,  the  southern  hemisphere. — ^Tlie  equa- 
tor^ like  all  other  great  circles,  is  divided  into  360  equal  parts,  called  de- 
grees ;  each  degree  into  60  equal  parts,  called  minutes  5  each  minute  into 
,  60  equal  parts,  called  seconds,  and  so  on. 

The  Meridian  of  any  place  on  the  earth  is  a  great  circle  passing  through 
that  place  and  the  poles,  and  cutting  the  equator  at  right  angles. — Every 
point  on  the  surface  of  the  sphere  may  be  conceived  to  have  a  meridian 
line  passing  through  it;— hence  there  may  be  as  many  meridians  as  tliere 
are  points  in  the  equator. — Since  the  First  Meridian  is  merely  an  imagin- 
ary circle  passing  through  any  remarkable  place  and  the  poles  of  the 
world  I  therefore  it  is  entirely  arbitrary. — Hence  it  is  that  the  British 
reckon  their  Jirst  meridian  10  be  that  which  passes  through  the  Royal  Ob- 
servatory at  Greenwich  :  the  French  esteeip  their  Jirst  meridian  to  be  that 
which  passes  through  the  Royal  Observatory  at  Paris ;  the  Spaniards  that 
which  passes  through  Cadiz,  &c.  &c.  &c. 

Every  meridian  line  may  be  said,  with  respect  to  the  place  through 
which  it  passes,  to  divide  the  surface  of  the  sphere  into  two  equal  parts, 
called  the  eastern  and  western  hemispheres. 

The  Latitude  of  any  place  on  the  earth  is  that  portion  of  its  meridian 
which  is  intercepted  between  the  equator  and  the  given  place ;  and  is  named 
north  or  south,  according  as  the  given  place  is  in  the  northern  or  southern 
hemisphere. — As  the  latitude  begins  at  the  equator,  where  it  is  nothing, 
and  is  reckoned  thence  to  the  poles,  where  it  terminates ;  therefore  the 
greatest  latitude  any  place  can  have,  is  90  degrees. 

The  Difference  of  Latitude  between  two  places  on  the  earth  is  an  arc  of 
the  meridian  intercepted  between  their  corresponding  parallels  of  latitude  ; 
showing  how  far  one  of  them  is  to  the  northward  or  southward  of  the 
other : — The  difference  of  latitude  between  two  places  can  never  exceed 
180  degrees. 

The  Longitude  of  any  place  on  the  earth  is  that  arc  or  portion  of  the 
equator  which  is  contained  between  the^r^^  meridian  and  the  meridian  of 
the  given  place  ;  and  is  denominated  east,  or  west,  according  as  it  may  be 
situated  with  respect  to  the  first  meridian. — As  the  longitude  is  reckoned 
both  ways  from  the  first  meridian  (east  and  west)  till  it  meets  at  the  same 
meridian  on  the  opposite  part  of  the  equator ;  therefore  the  longitude  of 
any  place  can  never  exceed  180  degrees. 


NAVIGATION,  213 

The  difference  of  Longitude  between  two  places  on  the  earth  is  an  arc  of 
the  equator  intercepted  between  the  meridians  of  those  places ;  showing 
how  far  one  of  them  is  to  the  eastward  or  westward  of  the  other  : — ^The 
difference  of  longitude  between  two  places  can  never  exceed  180  degrees. 

When  the  latitudes  of  two  places  on  the  earth  are  both  north  or  both 
south ;  or  their  longitudes  both  east  or  both  west,  they  are  said  to  be  of  the 
same  name. — But,  when  one  latitude  is  north  and  the  other  south  ^  or  one 
longitude  east  and  the  other  west ;  then  they  are  said  to  be  of  different 
names. 

The  Horizon  is  that  great  circle  which  is  equally  distant  from  the  zenith 
and  nadir,  and  divides  the  visible  from  the  invisible  hemisphere ;  this  is 
called  the  rational  horizon.*-The  sensible  horizon  is  that  which  terminates 
the  view  of  a  spectator  in  any  part  of  the  world. 

Hie  Mariner^s  Compass  is  an  artificial  representation  of  the  horizon : — it 
is  divided  into  32  equal  parts,  called  points ;  each  point  consisting  of 
11?15C. — Hence  the  whole  compass  card  contains  360  degrees j  for 
1 1  ?  15  f  multiplied  by  32  points  =  360  degrees. 

A  Rhumb  Line  is  a  right  line,  or  rather  curve,  drawn  from  the  centre  of 
the  compass  to  the  horizon,  and  obtains  its  nam^  from  the  point  of  the  ho* 
rizon  it  falls  in  with. — Hence  there  may  be  as  many  rhurob-lines  as  there 
are  points  in  the  horizon. 

The  Course  steered  by  a  ship  is  the  angle  contained  between  the  meri- 
dian of  the  place  sailed  from,  and  the  rhumb-line  on  which  she  sails;  and 
is  either  estimated  in  points  or  degrees. 

The  Distance  is  the  number  of  miles  intercepted  between  any  two 
places,  reckoned  on  the  rhumb  line  of  the  course ;  or  it  is  the  absolute 
length  that  a  ship  has  sailed  in  a  given  time. 

The  Departure  is  the  distance  of  the  ship  fMm  the  meridian  of  the  place 
sailed  from,  reckoned  on  the  parallel  of  latitude  at  which  she  arrives ;  and 
is  named  east  or  west,  according  as  the  course  is  in  the  eastern  or  western 
hemisphere. 

If  a  ship's  course  be  due  north  or  south,  she  sails  on  a  meridian,  and 
therefore  makes  no  departure  :— hence  the  distance  sailed  will  be  equal  to 
the  difference  of  latitude. 

If  a  ship's  course  be  due  east  or  west,  she  sails  either  on  the  equator,  or 
on  some  parallel  of  latitude  ;  in  this  case  since  she  makes  no  difference  of 
latitude^  the  distance  sailed  willj  therefore,  be  equal  to  the  departure. 
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When  the  course  is  4  points^  or  45  degrees^  die  difference  of  latitude 
and  departure  are  equal. 

When  the  course  is  less  tlian  4  points,  or  43  degrees,  the  difference  of 
latitude  exceeds  the  departure ;  but  when  it  is  more  than  4  points,  or  45 
degrees,  the  departure  exceeds  the  difference  of  latitude. 

iVb/e.— ^ince  the  distance  sailed,  the  difference  of  latitude,  and  the  de- 
parture form  the  sides  of  a  right  angled  plane  triangle  $  in  which  the  hypo* 
thenuse  is  represented  by  the  distance ;  the  perpendicular,  by  the  differ- 
ence of  latitude ;  the  base,  by  the  departure  ;  the  angle  opposite  to  the 
base,  by  the  course ;  and  the  angle  opposite  to  the  perpendicular,  by  the 
complement  of  the  course  ;  therefore  any  two  of  these  five  parts  being 
given,  the  remaining  three  may  be  readily  found  by  the  analogies  for  right 
angled  plane  trigonometry. 

These  being  premised,  we  will  now  proceed  to  the  following  Introductory 
Problems. 


Problem  I. 

Given  the  Latitudes  of  T\joo  Places  on  the  Earth,  to  find  the  difference  of 

Latitude. 

Rule. 

• 

When  the  latitudes  are  of  the  same  name ;  that  is,  both  north,  or  both 
south,  their  difference  will  be  the  difference  of  latitude  ;  but  when  one  is 
north  and  the  other  south,  their  sum  will  express  the  difference  of  la- 
titude. 

Note. — ^The  same  Rule  is  to  be  observed  in  finding  the  meridional  differ- 
ence of  latitude  between  two  places. 


Example  1. 

Required  the  difference  of  la- 
titude between  Portsmouth  and 
Cape  Trafalgar? 

Lat.  of  Portsmouth  =  50?47'  N. 
Lat.  of  C.  Trafalgar  =  36.  10   N. 


Diff.  of  Lat  =:     . 
Ditto  in  Miles  ss  • 


14?37^ 

877 


Example  2. 

Required  the  difference  of  la- 
titude between  Portsmouth  and 
James  Tovm,  St.  Helena  ? 

Lat.  of  Portsmouth  =  50?47'  N. 
Lat.  of  James  Town  =   15.55    S. 


Diff.  of  Lat.  = 
Ditto  in  Miles  s 


46?42: 
2803 


DIFFERBNCB  OF  UlTmTDB  AND  LONGITUDB. 
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Note. — In  finding  the  difference  of  latitude,  or  the  diiTerenee  of  longi- 
tude between  two  places  (when  any  of  the  sailings  are  under  consideration), 
it  will  be  sufficiently  exact  to  take  out  the  latitudes  and  longitudes  from 
Table  LVIII.  to  the  nearest  minute  of  a  degree^  as  above. 


Problem  IL 


Given  the  Latitude  left  and  the  difference  of  Latitude,  to  find  fhe 

Latitude  in. 

Rule; 

When  the  latitude  left  and  the  difference  of  latitude  are  of  the  same  name 
their  sum  will  be  the  latitude ;  but  when  they  are  of  contrary  denomin* 
ations,  tKeir  difference  will  be  the  latitude  required  :— This  latitude  will 
always  be  of  the  same  name  with  the  greater  quantity*  • 


Example  I. 

A  ship,  from  a  place  in  latitude 
30?45^  north  sailed  497  miles  in 
a  northerly  direction  *,  required  the 
latitude  at  which  she  arrived^ 

Latitude  left  a     .-  .  30?45^  N. 
Difr.ofLat.s:497m8.or  8. 17    N. 


liat.  arrived  at  =     .    SQ*?  2'  N. 


Example  2.  ' 

A  ship  from  a  place  in  latitude  * 
2?50^  north,  saik  530mileaina 
southerly  direction  j  required  the 
latitude  come  to? 

Latitude  left  m  z    .    .  2?50'  N. 
DijBr.oflats:530ms.or  8.50    S. 


Lat.  come  to  =    .    •    6?  0^  S. 


Problem  III. 


Given  the  Longitudes  of  Tkoo  Places  on  the  Earth,  to  find  the  difference 

qf  Longitude. 

Rule. 

When  the  longitudes  are  of  the  same  name  :  that  is,  both  east,  or  both 
west,  their  difference  will  express  the  difference  of  longitude ;  but  when 
one  is  east  and  the  other  west,  their  sum  will  be  the  difference  of  longitude. 
If  the  sum  of  the  longitudes  exceed  180?,  subtract  it  firom  360?,  and  the 
remainder  will  be  the  difference  of  longitude. 
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JSxample  1. 

Required  the  diiFerence  of  lon- 
{^tude  between  Portsmouth  and 
Fayal,  one  of  the  western  islands  ? 

Long,  of  Portsmouth=  1?  6^  W. 
Long.ofFayal,  Horta,28.43   W. 


Diff.  of  long.  =.    .    27^37^ 


Ditto' in  miles  =  •    •     1657 


Example  2. 

Required  the  diiFerence  of  lon- 
gitude between  Canton  and  Point 
Venus^  in  the  island  of  Otaheite  ? 

Long,  of  Canton  =      113?  .3!  E« 
Long,  of  PointVenu8=  149. 36  W. 


Sum  = 


•    • 


262?39C 


DifF.  of  Long.  =  .    .    97?21 : 
Ditto  in  miles  =      •     •  5841 


Probu^at  IV; 

Given  the  Longitude  left  and  the  difference  of  Longitude^  to  find  the 

Longitude  in. 

•  w  Rule. 

When  the  longitude  left  and  the  difference  of  longitude  are  of  the  same 
name^  their  sum  will  be  the  longitude  in;  should  that  sum  exceed  180?^ 
subtract  it  from  360?  ;  and  the  remainder  will  be  the  longitude  in,  of  a 
contrary  name  to  the  longitude  left. — But,  when  the  longitude  left  and  the 
diiFerence  of  longitude  are  of  contrary  names,  their. diiFerence  will  be  the 
longitude  in^  of  the  same  name  with  the  greater  quantity. 


Example  1. 

A  ship  from  a  place  in  longitude 
50?40'  west, .sails  westward  till 
her  diiFerence  of  longitude  is  410 
miles ;  required  the  longitude  in  ? 

• 

Long,  left  =  .     .    .  50?40^  W. 
DiiF.oflong.=410ms.or6.50    W. 


Longitude  in  =  •    .  57?30:  W. 


Example  2. 

Let  the  long,  left  be  174  945  f 
west,  and  the  diiFerence  of  longi- 
tude 13?  17'  west;  required  the 
longitude  in  ? 

Longitude  left  =  .  .  174?45f  W. 
DiiF.ofLong.  =  .       13.17    W. 


Sum=     .    ,    .        188.   2 


Longitude  in  =  .  ,     171  ?58^  K 


PARALLBt  8AILIKC. 


217 


Example  3. 

Let  the  longitude  left  be  4 1  ?  37  • 
east,  and  the  difference  of  longi- 
tude 11?20^  west;  required  the 
longitude  come  to  ? 


Longitude  left  =  • 
Diff.  of  long.  =    • 

Longitude  in  =    • 


41?37:  E. 
11.20W. 

30?  17^  E. 


Example  4. 

Let  the  longitude  left  be  5?40f 
east,  and  the  difference  of  longi- 
tude 10?  17-  west}  required  the 
longitude  in  ? 


Longitude  left  = 
Diff.  of  long.  = 

Long,  in  = 


.    5?40:  B. 
.  10. 17  W, 


4?37:w, 


Remarks. — If  &  ship  be  in  north  latitude  sailing  northerly,  or-  in  south 
latitude  sailing  southerly,  she  increases  her  latitude,  and  therefore  the  dif- 
ference of  latitude  must  be  added  to  the  latitude  left,  in  order  to  find  the 
latitude  in  : — ^but,  in  north  latitude  sailing  southerly,  or  in  south  latitude^ 
northerly,  she  decreases  hej-  latitude ;  therefore  the  difference  of  latitude 
subtracted  from  the  latitude  left  will  give  the  latitude  in  :— should  the  dif- 
ference of  latitude  be  the  greate9t,  the  latitude  left  is  to  be  take^  from  it ; 
in  this  case  the  ship  will  be  on  the  opposite  side  of  the  equator  with  res- 
pect to  the  latitude  sailed  from. — Again, 

* 

If  a  ship  be  in  east  longitude  sailing  easterly,  or  in  west  longitude  sailing 
westerly,  she  increases  her  longitude ; .  therefore  the  difference  of  longitude 
added  to  the  longitude  left  will  give  the  longitude  in ;  should  the  sum  ex- 
ceed 180?,  the  ship  will  be  on  the  opposite  side  of  the^r^ i  meridian  with 
respect  to  the  longitude  sailed  from.— But,  in  east  longitude  sailing  west- 
erly, or  in  west  longitude  sailing  easterly,  she  decreases  her  longitude,  and 
therefore  the  difference  of  longitude  is  to  be  subtracted  from  the  longitude 
left,  in  order  to  find  the  longitude  in;^shoidd  the  difference  of  longitude 
be  the  greatest,  the  longitude  left  is  to  be  taken  from  it;  in  this  case  the 
ship  will,  also,  be  on  the  opposite  side  of  the^r^ t  meridian  with  respect  to 
(he  longitude  sailed  from.  These  remarks  will  appear  evident  on  a  com* 
parison  with  the  above  Examples. 


SOLUTION  OF  PROBLEMS  IN  PARALLEL  SAILING. 

Parallel  Sailing  is  the  method  of  finding  the  distance  between  two  places 
situate  under  the  same  parallel  of  latitude ;  or  of  finding  the  difference  of 
lonptude  corresponding  to  the  meridional  distance,  when  a  ship  sails  due 
east  or  .west. 
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Problem  L 


Given  the  Difference  ofLongUude  between  two  Places,  both  in  the  sarnie 

ParaOel  (jf  Latitude,  to  find  their  Distance. 

Rule. 

As  radius,  is  to  the  co-sine  of  the  latitude ;  so  is  the  difference  of  longi* 

tude^  to  the  distance. 

Example* 

Required  the  distance  between  Portsmouth,  in  longitude  1?6'  W.,  and 
Green  Island,  Newfoundland,  in  longitude  55?35'  W.j  their  common  lati- 
tude being  50?47:  N. ! 


Long,  of  Port8mouth=  1?  6^  W. 
Long.of Green  l8land=55. 35   W. 

Dlff.  of  long.  =       .    54?29^  =3269  miles. 


Solution. 


Mer.JhtA 


In  the  right-angled  triangle  ABC,  where  the  hypothenuse  A  C  represents 
the  difference  of  longitude  between  the  two  given  places,  the  angle  A  the 
latitude  of  the  parallel  of  those  places,  and  the  base  A  B  their  meridional 
distance :  given  the  side  AC  =  3269  miles,  and  the  angle  A  =  50?47*9 
to  find  the  side  A  B.  Hence,  by  right-angled  plane  trigonometry,  problem 
I.,  page  171) 

As  radius  =  .  .  ;  .  90?  0'  Or  Log.  co-secant  =  .  10.000000 
Is  to  the  diff.  of  long.  A  C  =  3269  miles  Log.  =  .  .  3.514415 
Soislhelat.=theanglcA=50?47'  Or  Log.  co-sine  =   .     .      9.800892 

To  the  mend.  dist.  AB  =     2066. 8  miles     Log.  =     .    •      3.315307 

To  find  the  Meridional  Distance  by  Inspection  in  the  general  Traverse 

Table  :— 

Note.— This  case  may  be  solved  by  Problem  I.,  page  107,  as  thus : 
To  latitude  50?  as  a  course,  and  one-eleventh  of  the  difference  of  lon^- 
tude  (vis.  297*2)  as  a  distance,  the  corresponding  difference  of  latitude  is 
190. 9  J  and  to  latitude  51?,  and  distance  297. 2,  the  difference  of  latitude 
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is  186. 9 :  hence  the  change  of  meridional  distance  (represented  by  differ- 
ence of  latitude,)  to  1?  or  60'  of  latitude,  is  4^  Now,  4'  x  47'  ■+-  60^ 
=  3\  1 ;  this  being  subtracted  from  the  first  difference  of  latitude,  because 
it  is  decreasing,  gives  187.8;  and  187.8  multiplied  by  11^  the  aliquot 
part,  gives  2065. 8  for  the  meridional  distance ;  which  comes  within  one 
mile  of  the  result  by  calculation. 


^a^mmmm^at^i^mmmmm^t^r^t^ 


Problbm  II. 

Given  the  Distance  bcttjoeen  two  Placet,  both  in  the  same  ParaUel  qf 
Latitude,  to  find  the  Difference  of  Longitude  between  those  Places. 

Rule. 

As  the  co-sine  of  the  latitude,  is  to  radius;  so  is  the  distance,  to  the 

difference  of  longitude. 

Esawple. 

■ 

A  ship  from  Cape  Clear,  in  latitude  51?25'  N.  and  longitude. 9? 29 ^W.^ 
sailed  due  west  1040  miles;  required  the  longitude  at  which  she  then 
Arrived  ? 

SbZtt/ioit.— In  the  right  angled  triangle  A  B  C,  let  the  hypotheoiM  A  C 
rq>resent  the  difference  of  longitude ;  Ihe  angle  A,  the  latitude  of  the  parallel 
on  which  the  ship  sailed ;  and  the  base  A  B,  the  q 

meridional  distance :  then,  in  this  triangle,  there 
are  given,  the  angle  A  »  51?25',  and  the  base 
A  B  =  1040  miles,  to  find  the  side  A  C.  Hence, 
by  right  angled  plane  trigonometry.  Problem  II.|  ^^fS 

page  172, 

Jir€»MM^ipi4e 

A9  radius  = 90?  OC  Or  Log.  co-secant  la  10.000000 

Is  to  the  merid.  dist.  AB   =     1040  miles.        Log.  s  .      8.017083 
So  it  the  lat.  =  the  angle  A  =  51?25'  01  Log.  secant  «  .     10. 205057 

To  the  difference  of  long.  A  C  =  1667. 6  miles.      Log.  =  .      3. 222090 

Lohgitude-of  Cape  Clear  = 9?29C  wtsi. 

Difference  of  longitude  1667*  6  miles,  or  .     .  27. 48  west. 

t 

lionc^tude  i^  which  the  ship  arrived  ^    •    •  37?17  •  weal* 
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To  find  the  Difference  of  Longitude  by  Inspection  in  the  general 

Traverse  Table : — 

JVbie,— Tills  cfwe  falls  under  Problem  V.,  page  111:  hence^ 

To  latitude  51?  as  a  course/ and  one-eighth  of  the  meridional  distance 
=z  130,  in  a  difference  of  latitude  column,  the  corresponding  distance  is 
207;  and  to  latitude  52?,  and  difference  of  latitude  130,  the  distance  is 
211 :  hence,  the  difference  of  distance  to  1?  of  latitude,  is  4  miles.  Now, 
4',  X  25^  -^  SO^  =  1\6,  which  being  added  to  the  first  distance, 
because  it  is  increasing,  gives  208. 6 ;  this  being  multiplied  by  8  (the 
aliquot  part),  gives  1668. 8  for  the  difference  of  longitude. 


PaOBfJCM  III. 

Given  the  Difference  of  Longitude  and  the  Distance  between  tu}0  Placet, 

in  the  same  Parallel  of  latitude,   to  find  tlie  Latitude  of  that 

Parallel. 

Rule. 

As  the  difference  of  longitude,  is  to  the  distance ;  so  is  radius,  to  the 
co*slne  of  the  latitude.  . 

Example. 

» 

A  ship,  from  a  place  in  longitude  16?30'  W.,  sailed  due  east  456  miles, 
and  then  by  observation  was  found  to  be  in  the -longitude  of  4?15C  W.| 
required  the  latitude  of  the  parallel  on  which  she  sailed  ? 

Long-  sailed  from  =     16?30^  W. 
Long,  come  to  =     •      4. 15    W. 

Diff.oflong.   s      .     12?  15;  =  735  miles. 


Mr.J)Cri.4S6 


Solution. — In  the  right  angled  triangle  ABC,  let  the  hypothenuse  A C 
represent  the  difference  of  longitude;  the  angle  A,  the  latitude  of  the 
parallel ;  and  the  base  A  B,  the  meridional  distance :  then,  there  are  given^ 
the  side  A  C  =  735  miles,  and  the  leg  A  B  =:  456  miles,  to  find  the  angle 
A.    Hence,  by  right  angled  plane  trigonometry,  Problem  III.,  page  174, 
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As  the  diff,  of  longitude  AC  =  785  miles.  Log.  ar,  comp.  =  7. 13S713 
Is  to  radius  =  ....  90?  OC  Or  Log.  sine  =  .  10.000000 
So  is  the  merid,  distance  AB  i:  456  miles.     Log.  =:  .     .    .      2. 658965 

To  Ut.  of  parall.  =  ang.  A=5 1 ?39^  1 4r        Logi  co-sine  =      9. 792678 

To  find  the  Latitude  of  the  Parallel  by  Inspection  in  the  general 

Traverse  Table : — 

Enter  the  Table  with  one*third  the  difference  of  longitude  zz  245  as  a 
distance,  and  one-third  the  meridional  distance  =  152,  in  a  difference  of 
latitude  column ;  and  the  latitude  corresponding  to  them  will  be  found  to 
lie  between  51?  and  52?.  Now,  to  latitude  51?,  and  distance  245,  the 
corresponding  difference  of  latitude  is  154.2,  which  exceeds  half  the 
meridional  distance  by  2'.  2;  and,  to  latitude  52?,  and  distance  245,  the 
difference  of  latitude  is  150. 8,  which  is  1  \  8  less  than  half  the  meridioiial 
distance.  Hence,  1 ' .  8  +  2'  .2  =  4'  is  the  change  of  nieridional  distance 
to  1?  of  latitude.  And,  as  4'  :  2'.  2  ::  60^  :  38^ ;  this,  being  added  to 
51?,  gives  51?38'  for  the  required  latitude* 


SOLUTION  OP  PROBLEMS  IN  MIDDLE  LATITUDE 

SAILING. 

Middle  Latitude  Sailing  is  the  method  of  solving  the  several  cases,  or 
problems,  in  Mercator's  sailing,  by  principles  compounded  of  plane  and 
parallel  sailing.  This  method  is  founded  on  the  supposition  that  the 
meridional  distance,  at  that  point  which  is  a  middle  parallel  between  jthe 
latitude  left  and  the  latitude  bound  to,  is  equal  to  the  departure  which  the 
ship  makes  in  sailing  from  one  parallel  of  latitude  to  the  other. 

This  method  of  sailing,  though  not  quite  accurate,  is,  nevertheteto,  suffi- 
ciently so  for  a  single  day'i  run,  particularly  in  low  latitudes,  or  when  the 
ship's  course  is  not  more  than  two  or  three  points  from  a  parallel.  But, 
in- high  latitudes,  or  places  considerably  distant  from  the  equator,  it  fails 
of  the  desired  accuracy :  in  such  places,  therefore,  the  mariner  should 
nevei'  employ  it  in  the  determination  of  a  ship's  place,  when  he  wishes  to 
draw  correct  nautical  conclusions  from  his  operations. 

With  the  intention  of  avoiding  prolixity  .and  unnecessary  repetition,  in 
resolving  the  different  problems  in  this  method  of  sailing,  we  will  here 
briefly  give  a  general  view  of  the  principles  on  which  the  solutions  of  those 
problems  are  founded ;  as  thus  :*— 
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In  the  annexed  diagram^  let  the  triangle  ABC 
be  a  figure  in  plane  sailing,  in  which  A  C  repre- 
sents the  distance^  A  B  the  difference  of  latitude, 
B  C  the  departure,  and  the  angle  A  the  course. 
Again,  let  D  B  C  be  a  figure  in  parallel  sailing, 
in  which  D  C  represents  the  difference  of  longi.  ^ 
tude,  B  C  the  meridional  distance,  and  the  angle 
C  the  middle  latitude.  Hence,  the  parts  con- 
cerned form  two  connected  right  angled  triangles, 
in  which  the  departure  or  meridional  distance  B  C 
is  a  side  common  to  both. 

*  Now,  in  one  of  these  triangles,  there  will  be  always  two  terms  given,  and 
in  the  other  one  term,  at  least,  to  find  the  required  terms.  The  required 
parts  in  that  triangle  which  has  two  terms  given,  may  be  readily  found  by 
the  analogies  for  right  angled  plane  trigonometry,  page  171  to  177;  and, 
hence,  the  unknown  terms  in  the  other  triangle. 

When  the  departure  B  C  is  not  under  consideration,  the  two  connected 
triangles  may  be  considered  as  one  oblique  angled  triangle,  and  resolved  as 
such.  In  this  case,  if  the  course,  distance,  middle  latitude,  and  difference 
of  longitude,  are  the  terms  in  question,  any  three  of  them  being  given,  the 
fourth  may  be  found  by  one  direct  proportion.  Thus,  in  the  oblique  angled 
triangle-  A  C  D,  the  side  A  C  is  the  distance ;  the  angle  A,  the  course ;  the 
angle  BCD,  the  middle  latitude ;  and,  consequently,  the  angle  D  its  com- 
plement, and  the  side  D  C  the  difference  of  longitude.  Now,  if  any  three 
of  these  be  known,  the  fourth  may  be  found  by  one  of  the  following  analo« 
gies ;  viz., 

1.  As  co-sine  middle  latitude  =  C  :  sine  of  course  =:  A  ::  distance  s 
A  C  :  difference  of  longitude  =  D  C. 

2.  As  sine  of  course  =  A  !  co-sine  middle  latitude  =s:  C  : :  difference  of 
longitude  =  DC  :  distance  =  AC. 

3.  As  distance  =  A  C  :  difference  of  longitude  =  D  C  :•:  co- sine  of 
middle  latitude  =  C  :  sine  of  course  =  A. 

4.  As  difference  of  longitude  =  D  C  '.  distance  =±  A  C  : :  sine  of  course 
=  A  :  co-sine  of  middle  latitude  =  C. 

Again,  if  the  course,  middle  latitude,  difference  of  latitude,  and  difference 
of  longitude,  be  the  terms  under  consideration,  the  resulting  analogies 
will  b^, 

5.  As  difference  of  latitude  =  AB  :  difference  of  longitude  =  DC  :; 
co-sine  of  middle  latitude  =  C  :  tangent  of  course  =  A. 

6.  As  difference  of  longitude  =  D  C  ;  difference  of  latitude  =  A  B  : ; 
tangent  of  course  =  A  I  co-sine  of  middle  latitude  =  C. 
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7.  As  co-sine  of  middle  latitude  =  C  I  tangent  of  course  rs  A  : : 
difference  of  latitude  =  A  B  I  difference  of  longitude  s  A  C. 

8.  As  tangent  of  course  s  A  :  co-sine  of  middle  latitude  »  C  ::  diflfer- 
ence  of  longitude  s=  p  C  I  difference  of  latitude  =  A  B«' 

In  these  four  analogieis,  it  is  evident  that  the  course  must  be  a  tangent^ 
because  the  difference  of  latitude  A  B  is  concerned. 

Note. — Since  the  sine  complement  of  the  middle  latitude=3the  angle  D,  b 
expressed  directly  by  the  co-sine  of  the  angle  BC  D^  therefore,  with  the  view 
of  abridging  the  preceding  analogies,  the  co-sine  of  the  middle  latitude  has 
been  used  instead  of  its  sine  complement;  and,  in  the  operatioos  which 
follow,  jthe  sfune  term  will  be  invariably  employed.  • 

AemorXr.— The  middle  latitude  between  two  places  is  found  by  taking 
half  the  sum  pf  the  two  latitudes,  when  they  are  both  of  the  same  name,  or 
half  their  difference  if  of  contrary  names. 


ProbLSM  I. 

• 

Gwen  the  Latitudes  and  Lmgiinda  of  two  Placef,  19  find  the  Com$e 

and  Distance  between  them. 


Example. 

Required  the  course  and  distance  from  Oporto, 
in  latitude  41 99!  N.  and  longitude  8?37'  W. 
to  Porto  Santo,  in  latitude  33?3C  N.  and  longi- 
tude 16?17^W.? 


Latitude  of  Oporto  41?  9 '  N.  Longitude  =  . 
Lat.  of  Porto  Santo  SS.   3   N.  Longitude  =  , 


30 
8?87^W. 

16!  17  W. 


Diff.  of  latitude  =      8?  6^  =486  miles.  Diff.  of  long.  =  7?40!  s460ms. 
Sum  of  latitudes  =  74?  12^  -i-  2  -  37?6'  =  the  middle  latitude. 


To  find  the  Course  =  Angle  A  :— 

Here,  since  the  departure  is  not  in  question,  the  parts  concerned  come 
under  the  5th  analogy  in  page  222  :  hence^ 
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As  the  diff.  of  latitude  = 
Is  to  the  diiT.  of  long.  = 
So  is  the  mid.  latitude  =  37^6^ 


486  miles, 
460  miles, 


Log.  an  comp. ' 
Log.  =     •    • 
Log.  co-sine  = 


7-313364 
2. 662758 
9.901776 


To  the  course  = 


37?3r 


Log.  tangent    =     9, 877898 


To  find  the  Distance  =  A  C  : — 


The  course  being  thus  found,  the  distance  may  be  determined  by  trigo- 
nometry, Problem  IL,  page  172  :  fience, 


As  radius  =    «     .     . 
Is  to  the  diff.  of  lat.  = 
i)o  is  the  course  = 


90  9  0 '  Log.  co-secant 

486  miles,     Log.  =      •     • 

37 °3'  Log.  secant  = 


To  the  distance  ==     ..    608. 9  miles.  Log.  =2 


•*    • 


10.000000 
2. 686636 

10. 097937 

2. 784573 


Hence,  the  true  course  from  Oporto  to  Porto  Santo  is  S.  37® 3'  W.,  or 
S.W.  i  S,  nearly,  and  the  distance  609  miles. 

To  find  the  Course  and  Distance  by  Inspection  in  the  general 

Traverse  Table : — 

To  middle  latitude  =  37?  as  a  course,  and  one-fourth  the  difference  of 
longitude  =  115,  as  a  distance,  th/s  corresponding  difference  of  latitude  is 
91.  8  =  the  meridional  distance.  Now,  one-fourth  the  difference  of  lati- 
tude =  121.5,  and  the  meridional  distance  91.8  in  a  departure  column^ 
are  found  to  agree  nearest  at  37?,  under  distance  152.  Hence,  the  course 
is  S.  37?  W.,  and  the  distance  152  x  4  =  60S  miles. 


Problem  II. 

Given  the  Latitude  and  L/mgiinde  of  the  Place  sailed  froniy  the  Course, 
and  Distance:   to  find   the  Latitude  and  Longitude  of  the   Place 


come  to. 


I) 


Example. 


A  ship  from  Corvo,  in  latitude  39?41 '  N.,  and 
longitude  31  ?3 :  W.,  sailed  NJS..  I  E.,  590 miles; 
required  the  latitude  and  longitude  come  to  ? 
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To  find  the  Difference  of  Latitude  =  A  B :— * 

Here  the  course  ss  A,  and  the  distance  =  A  C^  being  given,  the  differ- 
ence of  latitude  =s  A  B  may  be  found  by  trigonometry,  Problem  L,  page 

171; as  thus: 

As  radius  =r     .    ,    .    90?0'  Log.  co-secant  s     10.000000 

Is  to  the  distance  =       590  miles,     Log.   =      ...     2. 770852 
So  is  the  course  =     •      4|  points,  Log.  co-sine  =s     .    9. 802359 

To  the  diff.  of  lat.  =    374. 3  miles,   Log.  s      .    .    .    2.573211 

Latitude  left  = 39?41'N..  •    .    .    .    39?41^N. 

Diff.  of  lat.  =  374. 3  miles,  or  =    6.14  N.        Half  =     3.   7   N. 


Latitude  come  to  =  .    •    .    .    45?55^N.    Mid.lat«s  42?48C 


To  find  the  Difference  of  Longitude  =  C  D  :— 

Here,  since  the  departure  is  not  concerned,  the  parts  in  question  come 
under  the  Ist  analogy  in  page  222  :  hence. 

As  the  mid.  lat.  =  .     .     42?48!  Log.  secant  —     10. 134464 

Is  to  the  course  ==  ,     ,  .      4|  points.     Log.  sine  =     •    9. 888185 
So  is  the  distance  =     .      590  miles.      Log.  =  .    .    .    2. 770852 

To  the  diff.  of  longitude  =621. 6  miles.  Log.  s  .    .    .    2.793501 

Longitude  left  =       .......    31?  3^  W. 

Diff.  of  longitude  =5  621. 6  miles,  or  =       10. 22   E. 

Longitude  come  to  = 20?41'  W. 

To  find  the  Difference  of  Latitude  and  Difference  of  Longitude  by 

Ii^spection.:— 

Under  or  over  one-fifth  of  the  given  distance  =118,  and  opposite  to  the 
course  ^  4|  points,  is  difference  of  latitude  74.9,  and  departure  91.2. 
Tabular  difference  of  latitude  74. 9  x  5  =  374. 5,  tfie  whole  difference  of 
latitude;  whence  the  latitude  in,  is^45?55'.  N.,  and  the  middle  latitude 
42?48'.  Now,  to  middle  latitude  42?,  and  departure  91.  2,  in  a  latitude 
column,  the  corresponding  distance  is  123  miles;  and  to  middle  latitude 
43?,  and  departure  91. 2,  the  distance  is  125  miles  :,  hence,  the  difference 
of  distance  to  1  ?  of  latitude,  is  2  miles;  and  2'  x  48 C  ^60'.  ^  r.6, 
which,  added  to  123,  gives  124. 6 ;  this,  being  multiplied  by  5  (the  aliquot 
part),  gives  623  miles  :?  the  difference  of  longitude,  or  10?  23'  £• 

a 


#  • 
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Problbm  III. 

Given  both  IxLtitudea  and  the  Qmree;  to  find  the 

Longitude  in. 

Example. 

A  ship  from  Brava,  in  latitude  14?46^  N.,  and 
longitude  24?46^  W.^  sailed  S.E.  b.  S.,  until^  by 
observation,  ske  was  found  to  be  in  latitude 
10?30^  N,;  required  the  distance  sailed  and  her 
present  longitude  ? 

Lat/ofBrava=14?46^N.       .    .    .     14?46fN. 
Latbyobs.  =  10.80  N.       .    •    .     10.30  N. 


and  the 


DiflF.oflat.=;    4n6^=:256in.Sum=25?16f 


Middle  latitude  =  12?381 

To  find  the  Distance  =  A  C :— ^ 

With  the  course  =  A,  and  the  difference  of  latitude  s  AB^  die  distance 
is  found  by  trigonometry,  Problem  II.,  page  172 ;  as  thus : 


As  radius   c=      •    •    •    •    90?0C  Log.  co-secant 

Is  to  the  diif.  of  latitude  =  256  miles  •     Log.  =      •    • 
So  is  the  course  =a  •    »    •    3  points,         Log,  secant  ^ 


To  the  dbtance  =  t 


•    • 


307. 9  miles,  Log.  = 


•    • 


10.000000 

2. 408240 

10. 0S0154 

2. 488394 


To  find  the  Difference  of  Longitude  =  C  D : — 

Here,  since  the  departure  is  not  in  question,  the  parts  concerned  fall 
under  the  7th  analogy,  page  222  :  hence. 


Aa  the  middle  latitude  s=  12?a8C 
Is  to  the  course  =  •    .    3  points. 
So  is  the  diff.  of  lat.  ss     256  milet^ 


Log.  secant  = 
Log.  tangent  ^ 
Log.  =    .    , 


To  the  diff.  of  long,  s  175. 2  miles.         Log.  = 


.  • 


10. 010644 
9.824893 
2. 408240 

2. 243777 


Lon^tude  of  Brava,  the  place  idled  from  es  24?46'  W. 
Difference  of  longitude  =  175. 2  mile«,  or    =     2. 55   B. 


Loiigttud«  of  the  ahip  ss 21?5nW. 
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To  find  the  Distance  sailed,  and  the  Difference  of  Lon^tade^  by 

Inspection:— 

To  the  course  3  points,  and  half  the  difference  of  latitude  sm  128«  the 
distance  is  154,  and  the  departure  85. 5.  Now,  154  x  2  s  308  miles,  is 
the  required  distance.  Again,  to  middle  latitude  12?,  and  departure  85. 5^ 
in  a  latitude  column,  the  corresponding  distance  is  8^ ;  and  to  ladtude  13?, 
and  departure  85. 5,  the  distance  is  88 :  hence,  to  middle  latitude  I2?38(, 
and  departure  85. 5^  the  dbtance  is  87^ }  the  double  of  wliioh  cs  175  miles, 
is  the  difference  of  longitude,  as  required. 


"*^ 


PftOBLBM  IV. 

the  Latitude  and  Longitude  qfthe  Place  ioUed  from,  the  Coune, 
and  the  Departure;  to  find  the  Distance  toiled^  and  the  liOtiiude  and 
ZdmgUude  qfthe  Place  come  to. 

D 

Example. 

•    t    , 

A    ship   from    Cape  Finisterre,  in  latitude 
42?54^  N^    and  longitude   9?161W^   sailed 
N.W.b.W.9  till  her  departure  was  468  ndles; 
required  the  distance  sailed,  and  the  latitude  and       ^ 
longitude  come  to  ?  ... 


To  find  the  Distance  s  A  C 

With  the  course  =  A.  and  the  departure  B  C,  the  distance  may  be  firimd 
by  trigonometry,  Problem  II.,  page  172  j  as  thus :' 


As  radius  = 90?0{  Log.  co-tecant 

Is  to  the  departure  =  -  •    •    468  miles,    Log,  a&    *  •    . 
So  is  the  course  =      •    .    •      S  points,    Log.  co-secant 


s  10.000000 

.    2.670246 

=  lO.OSOISf 


To  the  distance  == 


•  562. 9  miles,  Log*  =: 


2.75O40O 


To  find  the  Difference  of  Latitude  =  A  B :—     * 

With  the  course  =  A,  and  the  departure  B  C,  the  distance  is  found  by 
trigonometry,  Problem  IL,  page  172 ;  as  thus : 

a2 


« "  '  «. 
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As  the  count  ?=....  5  pobts.    Log.  co-tmgent  =  9. 824893 

1%  to  the  departure  =       •     •  AGS  miles.    Log.  sr      •    .     .     2. 670246 

Soisradhis=: 90:0'           Log.  sine  =  •     .  lO.OOOOOO 


To  the  diA  of  latitude  =      .    312.7  Log.  =r      .    .    .    2.4951% 


ofCapeFmisterre^  42?54rX 42?54^N. 

Diff.  of  lat.  =  313  mDes,  or  =  5. 13   N.        Halfdiff. oflat.^  2.36  N. 


Latitude  of  the  ship  =    •    .    48?  7' N.        Middle  lat.  =     45?30: 


To  find  the  IXfference  of  Longitude  s  C  D:«- 

With  the  middle  latitude  s  B  C  D,  and  the  departure  B  C^  the  dife- 
ence  of  longitude  is  found  hy  trigonometr)*.  Problem  11.,  page  172. — 

As  radius  =       ....    90?  OC  L(^.  co-secant  =  lO.OOOOOO 

Is  to  the  departure  =  .     .      468  miles.      Log.  =       .    •       2. 670246 
So  is  the  mid.  lat.  =    .    .    45?30:  Log.  secant  =       10. 154338 

To  the  diff.  oflong.  =     .    667. 7  miles.    Log.  =  .    .    .       2.824584 

Longitude  of  Cape  Finisterre  =     .     .    .    9?16C  W. 
Difference  of  long.  =  667-  7  miles,  or  =    11.8   W. 

Longitude  of  the  ship  = 20. 24    \V. 

To  find  the  Distance,  Difference  of  Latitude,  and  Difference  of  Longitude, 

by  Inspection : — 

To  course  5  points,  and  one-fourth  of  the  departure  =  1 17>  the  distance 
is  141,  and  the  difference  of  latitude  78. 3.  Now,  141  x  4  =  564  miles, 
the  distance,  and  78. 3  x  4  =  313.2,  or  5?  13 :,  the  difference  of  lati- 
tude ;  whence  the  latitude  in,  is  48?7 -N.,  and  the  middle  latitude  45?30C. 
Again,  to  middle  latitude  45?,  and  one- fourth  the  departure  =s  117,  in  a 
latitude  column,  the  distance  is  166;.  and  to  middle  latitude  46?,  and 
departure  117^  the  distance  is  168  :  hence,  to  middle  latitude  45  ?30l,  and 
departure  117,  the  difference  of  longitude  is  167  x  4  =  668  miles;  nearly 
the  same  as  by  calculation. 
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Problbh  V« 


Crtf^en  bothLatUudei  and  iheDiHmee;  to  find  the  Conne  and  Differ- 
ence of  Longitude^ 


Example0 

•  . 

A  ship  from  St.  Agnes,    Scilly,   in   latitude  49?54C 
N.,  and  longitude  6?  19'  W.,  sailed  320  miles  between  the 
south  and  west,  and  then,  by  observation,  was  found  to 
be  in  latitude  45^8^  N./  required  the  course,  and  the  q 
kwigitu^e  come  to  ? 


Latitude  of  St.  Agnes 
Latitude  of  the  ship 


49?54'  N. 

45.   8N. 


49?54r  N. 
45.   8    N. 


Diflerence  of  latitude  =      4?46f  rn  286  miles.  Sums:  99?  2! 


Middle  latitude  =:    47?S1{' 

To  find  the  Course  ='A: — 

With  the  distance  A  C,  and  the  difference  of  latitude  as  AB,  the  course 
may  be  found  by  trigonometry.  Problem  IIL,  page  174  ;  as  thus : 


As  the  distance  =  . 
Is  to, radius  =  •  • 
So  is  the  diff,  of  lat.  = 

To  the  course  =  .    • 


^20  miles, 

90?  0^  or 

286  miles. 


Log.  ar.  comp, 
Lpg.Mne3s 

Log.  =:     • 


«i  •  •  • 


.7.494850 

10.000000 

2.45(i366 


26?39C  or    Log.co-unes  .    9.9$1216 


To  find  the  Difference  of  Longitude  7=  C  D  :— 

With  the  course,  middle  latitude,  and  distance,  the  difference  of  longi« 
tude  is  found  by  the  Ist  analogy,  page  222 ;  as  thus : 

As  middle  latitude  =  •  •  .  47?Sl'  Or  Log.  secant  =:  10.170455 
Is  to  the  course  s  .  .  •  •  26.39.  6  Log.  sines  .  9:65^1825 
So  is  the  distance  =     .    .     .    320  miles,    Log.  =      .    .      2.505150 


To  the  diff,  of  long,  s 


212.5        Log, 


2.827430 


sso 
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Longitude  of  St.  Agnes  =     .     •    •     6919' W. 
DiflF.  of  long.  =  212.  .5  miles,  or  =      3. 33    W. 


Longitude  of  Ihe  ship  a    •    .    •    .    9?52'.  W. 
The  course  is  S.  26?39f  W.,  or  S.S.W.  J  W.,  nearly. 


To  find  the  Course  and  Difference  of  Longitude  by  Inspection : — 

To  half  the  distance  =  160,  and  half  the  difference  of  latitude  =143, 
the  course  nearest  agreeing  is  27,  and  the  departure  72.6.  Now,  to 
middle  latitude  47?  as  a  course,  and  departure  72.6,  in  a  latitude  cohim% 
the  distance  is  105  3  and  to  middle  latitude  48?,  and  departure  72.  6,  the 
distance  is  108;  hence,  the  difference  of  distance  to  1?  of  latitude,  is  3 
miles ;  therefore,  3^  x3K-i-60  =  r.5,  which,  added  to  105,  makes 
106. 5  :  this,  being  multiplied  by  2,  gives  213  miles  =  the  difference  of' 
longitude. 


Problem  VI. 

Given  ime  LatUi^y  Distance,  and  Departure  ;  to  find  the  other  LaiUude, 

the  Course f  and  the  Difference  of  Longitude^ 


Example. 

A  ship  from  Csif%  Bajoli,  Minorca,  in  latitude 
40?3:  N.,  and  kmgitude  3?52'  EL,  sailed  280 
miles  between  the  north  and  east,  upon  a  direct 
course,  and  made  186  miles  of  departure;  re- 
quired the  course,  and  the  latitude  and  longitude 
eometo?      •    - 


To  find  the  Course  =s  A :— 

.  The  distance  ss  A  C,  and  the  departure  B  C,  being  given,  the  course 
may  be  found  by  trigonometry,  Problem  III.,  page  174;  as  thus : 


As  the  distance  =5  • 
Is  to  radius  =5  .  . 
So  is  the  departure  = 


280  miles,    Log.  ar.  comp. 

90?  0^  01     Log.  sine  =    . 

186  mUes,    Log.  s=      •    . 


To  the  course  =5    .    ^    ^    .    41?37'39r    Log.  sine 


7.5S284a 

10.000000 

2.269513 

9*  829355 
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To  find  the  Difference  of  Latitude  s  A  B  :— 

The  course  s  A^  and  the  distance^  being  thus  known,  the  difference  of 
latitude  may  be  computed  by  trigonometry,  Problem  III.,  pi^  174.*^    - 

As  radius  =      •    •    •    90?  0^  Or  Log<  co-secant  s  10. 000000 

Is  to  the  distance  =    .    280  miles,  Log.  >»     ...    2.447158 

So  is  the  course  =  •     •    41  ?37  -SQT  Log,  co-sine  =  .    9. 873599 

To  the  diff.  of  lat.  =s  «      20^.  3  miles.       Log.  s     ...    2.  S207S7 

Latitude  of  Cape  Bajoli  =  .    .    40?  8?  N.    .    4    ...    40?  3'   N. 
Diff.  of  lat.  =  209. 3  milea,  or  s  8. 29  N.         •  HM  m    .  1.44)  N. 

Latitude  come  to  =  .    .    •    .    43?32^  N.  Middle  latitude iti 4 1  ?47i '  Nt 

To  find  the  Difference  of  Longitude  «s  C  D :— - 

'  The  middle  latitude  =  -angle  B  C  D,  and  the  departure  B  C,  bdng  giy«fi^ 
the  difference  of  longitude  may  be  found  by  trigonometryj  Problem  11.^ 
page  172;  as  thus: 

Aaradiuss    ....    90?  Of  Log. co-secant  s     10.000000 

Is  to  the  departure  ss     •     186  miles,       Log.  ss      ,    •    •      1/269518 
So  is  the  mid.  Ut.  s    .    41>47|;  Log.tecailts      «    10.127510 

To  the  diff.  of  long,  s  •    249. 5  miles,   Log.  s      •    .    .      UHdjUta 

m 
I 

Longitude  of  Cape  Bajoli  =  •    .    •    •    •    S?521  EL 
Dfff.  of  long,  ss  249. 5  mile%  or  s=  •    *    •    4«  9  B. 

Longitude  come  to«s •'•'8.1B. 

The  course  is  N.  4 1  ?38 ;  E.,  or  NJB.  I  N./nearly. 

To  find  the  Course,  Difference  ot  Latjtnde^  and  Differetice  of  Loni^tudc^ 

by  Inspettidit  !•*• 

The  distance  280,  and  departure  I86,.aift  jKmnd  to  igree  b^evreen  41? 
and  42?,  and  the  correspon^ng  cBflimnee  of  ladtude  308. 1 1  whelM  the 
middle  Utitude  is  41?46^  Now,  to  middle  latitude  41?,  and  deptrlMni 
186,  in  a  htitnde.cohmm,  the  corresponding  distance  is  247;  and  tm  lati- 
tude 42?i  and  departure  186,  the  distance  is  250 :  hence,  the  diflerence  ef 
distance  to  1?  oflatiuide,  is8  miles;  and  S'  x  46-1-60'.  =:  2\3,  which, 
added  to  247,  gives  249. 3=the  difference  of  longitude,  as  required ;  which 
nearly,  iigimi  with  the  reindi  bx  o4«iilitio9^ 
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Problem  VIL 

(jwen  both  Latitudes  and  Departure  ;  to  find  the  Course,  Distance^  and 

Difference  of  Longitude. 

Example. 

A  ship  from  Cape  Agulhas,  in  latitude  34?55  i 
S,,  and  longitude  20?  18^  E.^  sailed  upon  a  direct 
course  between  the  south  and  east,  till  she  was 
founds  by  observation,  to  be  in  latitude  40?47- 
S,,  and  to  have  made  486  miles  of  easting; 
reqmred  the  course,  distance,  and  longitude  at 
which  the  ship  arrived  ? 

Latitude  of  Cape  Agulha5=  34?55:S 34^55^8. 

I/atitude  of  the  ship  =      •    40. 47   S 40. 47  S. 


Diff.  of  latitude    =       5  ?  5  2 :  =35  2  miles.      Sum  =     75 .  42 


Middle  latitude  =37?5 1 : 

To  find  the  Course  =  Angle  A : — 

Here,  the  difference  of  latitude  =  A  B,  and  the  departure  B  C,  being 
given,  the  course  is  found  by  trigonometry.  Problem  IV.,  page  175 ;  as 
thus: 


As  the  diff.  of  lat. 
Is  to  radius  = 
So  is  the  departure 


•    • 


352  miles,     Log.  ar.  comp.  = 
.    90?0^0r     Log.  sine  =  .    . 
•  436  miles.     Log.  =    .     •    • 


7. 453457 

10.000000 

2. 6394S6 


To  the  course  =       .    .    5 1  ?5  ^  5 r     Log.  tangent  =      10. 092943 


To  find  the  Distance  =  A  C : — 

With  the  course,  thus  found,  and  the  difference  of  latitude  A  B,  the 
distance  may  be  computed  by  trigonometry,  Problem  IV.,  page  175 ; 
hence. 


•    * 


As  radius  =   • 

Is  to  the  diff.  of  lat. 

So  is  the  course  = 


90?0'  0^    Log.  co-secant 
352  miles.  Log.  =     .     • 
51?5^5^    Log.  secant  = 


=  10.000000 
.  2.546543 
.  10.201922- 


To  the  distance  =    560. 4  miles,  Log,  s     .    •    .    2.748465 
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Hence,  the  course  is  S.  51  ?5  (  E^  or  SJB.  |  B^  nearly^  and  the  cUstance 
560. 4  miles. 

To  find  the  Difference  of  Longitude  =  C  D  r*- 

^ith  the  middle  latitude  =  B  C  D,  and  the  departure  B  C,  the  differ- 
ence of  longitude  is  found  by  trigonometry,  Problem  IV.,  page  175 ;  as 
thus: 


As  radius  s  •  ,  •  90?  0^  Log.  co-secant  s  10^  000000 
Is  to  the  departure  =:  436  miles,  Log.  =  •  ,  «  2. 639486 
So  is  the  middle  lat.  ^  37?5 1 !     Log.  secant  s     .  10. 1.02582 


To  the  diff.  of  Iong.=552. 2  miles.  Log.  =     .    .    ,    2. 742068 

Longitude  of  Cape  Agulhas  =.  .    •    •    •    20?18CE. 
Diff.  of  longitude  =  552. 2  miles,  or  ss    .      9. 12  E. 


Longitude  at  which  the  ship  airived  s  .  •    29«  30  .E. 

To  find  the  Course,  Distance,  and  Difference  of  Longitude^  by 

Inspection: — 
Half  the  difference  of  latitude  s  17(S«  and  half  the  departure  s  218, 
are  found  to  agree  nearest  at  51?  under  or  over  distance  280 :  hence,  280 
X  2  =  560  miles,  is  the  distance.  Agun,  to  middle  latitude  37?  as  a 
course,  and  departure  218,  in  a  latitude  column,  the  corresp<mding  distance 
is  273 ;  and  to  latitude  38?  and  departure  218,  the  distance  is  277 :  hence^ 
the  change  of  distance  to  1?  of  latitude,  is  4  miles.  Now,  4!  x  '5K  -f- 
60  =  3' .  4,  which,  added  to  273,  gives  276. 4 ;  and  this,  being  multipUed 
by  2,  g^ves  552.  8  miles;  which  very  nearly  corresponds  with'  the  result  by 
calculation. 


Problem  VIIL 


GtDfii  one  Latitude f  Departure,  and  Difference  <(f  Longitude 

the  other  LatUude,  Course,  and  Distance.  ' 

Example* 

A  ship  firom  the  Snares,  New  Zealand,  in  lati- 
tude 48?3C  S.,  and  longitude  166?20'  &,  sailed 
upon  a  direct  course  between  the  south  and  west,  C 

till  she'was  found  by  observation  to  be  in  longitude 
151?  27'  E.,  and  to  have  made  546  miles  of 
departure ;  required  the  latitude  coma  to,  the 
course  steered,  and  the  distance  sailed  ? 
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Lottgitdde  of  the  Snares  =     .    •    I66?20f  E. 
Long,  of  the  ship  by  observation  =  151. 27   K 

Difference  of  longitude  ss  •    .    •      I4?53f  =893  miles. 

To  find  the  Middle  Latitude  s  the  Aog^e  BCD:— 

With  the  departure  =  B  C,  and  the  difference  of  longitude  =  C  D^  the 
angle  of  the  middle  latitude  may  be  found  by  trigonometry,  Problfm  III., 
page  174  >  as  thus :  . 

As  the  diff,  of  long.  =  893  miles,    Log.  ar.  comp.  =  7*  049148 

Is  to  radius  ^  .  •  .  90?  0^  Or        Log.  sine  =:     •     10.000000 

'  So  is  the  departure  =  546  miles,    Log.  =       •     •       2. 737193 


To  the  mid.  lat.  :±:  52? IS! 28r        Log. co-sine  =     9. 786341 


Twice  mid.  lat  =^  104^37'  Or  nearly. 
Latofthe  Snares=48.   3.   OS. 


Latitude  come  to  =56?341  O^S. 


l>iff.  of  latitude  st:     8?3i:  0:=:  511  miles. 

To  find  the  Course  s  the  Angle  A : — 

» 

With  the  difference  of  latitude  A  B,  and  the  departure  B  C,  the  eoulM 
may  be  found  by  trigonometry,  Problem  IV.,  page  175 ;  as  thus  t 

As  the  diff.  of  lat*  =r  511  miles.  Log.  ar.  comp.  =  7*  291579 
Is  to  radius  =  .  .  90?  0^  OT  Log.  sine »  .  10.000000 
So  is  the  departure  =    546  miles.    Log.  =     .    .      2. 737 193 

To  the  course  ts  .    «    46?53C48r  Log.  tangent «  10.028772 

To  find  the  Distance  s=  A  C  : — 

With  the  angle  of  the  course,  thus  found,  and  the  difference  of  latitude 
A  B,  the  distance  may  be  computed  by  trigonometry.  Problem  IV.^  page 
175  I  hence. 

As  radius  «  .  .  90?  0^  Or  Log.  co-secant  ss  10. 000000 
Is  to  diff.  of  lat.  =  511  miles,  Log.  b  .  .  .  2.708421 
So  is  the  course  =      46?53<48?  Log.  secant  =    .  10. 165378 


li*    wi 


To  the  distance  ss  t    747. 8  miles.  Log.  =   ,    .    .    2.873799 
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Hence,  the  eofkm  h  8. 46964!  W.|  or  S.W«  |  W.  nearly,  and  the  dis- 
tance 747*  8  milet. 

To  find  the  Latitude  come  to.  Course,  and  Distance,  by  Inspection  in 

the  general  Traverse  Table :—  , 

On^fourth  of  the  difference  of  longitude  se  228if  taken  as  dlstaiiee,  and 
one-fourth  of  the  departure  ==  136. 5,  in  a  latitude  column,  vnl\  be  Ipuad  to* 
ajgriee  between  5^?  and  53?.  Now,  to  latitude  52?,  and  distance  223,  the 
diffierence  of  latitude  is '  137. 3,  t^hich  is  0' .  8  more  than  lS6i  5 ;  and  to 
latitude  53?,  and  distance  223,  the  difference  of  latitude  is  184. 2,  being 
2\  3  less  than  136.'5  :  hence,  the  difference  of  meridional  distance  to  1? 
oflatitudeis0'.8  + 2'.3  =3M:  therefore,  as 3M  :  0/. 8  ::  60^: 
16^,  which,  added  to  52?  (proportion  being  made  for  the  quarter  of  a  milei 
in  the  distance),  gives  the  middle  latitude  =  52?18|C :  hence,  the  latitnde 
come  to  is  56?34C  S.,  and  the  difference  of  latitude  5U  niilei«  Agi|in,  to 
one-fourth  of  th(  difference  of  latitude  =  127-  75,  and  one-fourth  of  the 
departure  «  186. 5,  the  course  is  47?,  and  the  distance  187 ;  wllidi,  imiiti- 
pliedliy  4,  gives  748  milei  «  Uie  whole  distanee. 
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Paohlsm  IX. 

Qhen  the  Dirtance,  Difference  ofLongUude,  duct  JMSAffa  iUulliKtei 

tofndth^CoMw  and  both  LMtudii. 

Eaample, 

A  ship,  in  north  latitude,  sailed  500  miles  upon 
a  direct  course  between  the  south  and  west,  until 
her  difference  of  longitude  was  440  miles;  required 
the  course  steered,  the  latitude  sailed  from,  and 
the  latitude  come  to;  allowing  the  middle  latitude 
to  be  43  ?45' north? 


To  find  the  Anglo  of  the  Qourse  8s  A  s— 

The  course  may  be  found  by  tberSd  Analogy,  page  222^asdliiat 

As  the  distance  s  ,  ,  •  .&06  miles,  Log,  ar«eomp«  a  7«  901080 
Is  to'the  diff.  of  longitude  sb  440  miles.  Log.  s  •  «  .  8. 648459 
So  is  the  middle  latitude  ss  4S?45C  0?  Log.  co«sine  a    9. 868756 

Ttf the eoorse £;     .    .    S.39?28n4rW.    Log. sine s  9. 808289 
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To  find  the  Difference  of  Latitude  r:  A  B  :— 

The  difference  of  latitude  may  be  found  by  the  8th  analogy,  page  222, 
thus : 

As  the  courser:  .  .  .  39?28'14r  Log.  co-tangent  =z  10.084350 
Is  to  the  middle  latitude  =:  43. 45.  0  Log.  co-sine  =:  •  «  9. 858756 
So  is  the  diff.  of  long.  =  •    440  miles,    Log.  =     •    ,    •    •    2. 643453 

To  the  diff.  of  latitude  =:    386  miles,    Log.  =:      •    •    •    •    2.586559 

Middle  latitude  =: 43?45!  N. 

Half  the  diff.  of  lat.  zz  1 93  miles,  or  =  .      3. 13    S. 

Latitude  of  the  place  sailed  from  =:    •    .    4tj?58^  N. 
Latitude  of  the  place  come  to  =  •    •    •    40. 32    N. 


SOLUTION  OF  PROBLEMS  IN  MERCATOR'S  SAILING. 

Mercator's  Sailing  is  the  method  of  finding,  on  a  plane  surfistce,  the 
motion  of  a  ship  upon  any  assigned  point  of  the  compass,  which  shall  be 
true  in  latitude,  longitude,  and  distance  sailed. 

Mariners,  generally  speaking,  solve  all  the  practical  cases  in  Mercator's 
Sailing  by  stated  rules,  called  canonSy  which  they  early  commit  to  memory, 
and,  ever  after,  employ  in  the  determination  of  a  ship's  place  at  sea. 
Those  canonSf  certainly,  hold  good  in  most  cases ;  but  since  they  are 
destructive  of  the  best  principles  of  science,  inasmuch  as  that  they  have 
a  direct  tendency  to  remove  from  the  mind  every  trace  of  the  elements  of 
trigonometry,  the  very  doctrine  from  which  they  were  originally  deduced, 
and  on  which  the  whole  art  of  navigation  is  founded,  the  following  observa- 
tions and  consequent  analogies  are,  therefore,  submitted  to  the  attention  of 
naval  people,  under  the  hope  that  they  will  serve  as  an  inducement  to  the 
substitution  of  the  rules  of  reason  for  the  rules  of  rote  \  and  thus  do  away 
with  the  necessity  of  getting  canons  by  heart. 

In  the  annexed  diagram,  let  the  triangle  ABC 
be  a  figure  in  plane  sailing,  in  which  the  angle  A 
represents  the  course,  A  C  the  distance,  A  B  the 
difference  of  latitude,  and  B  C  the  departure.  If 
A  B  be  produced  to  D,  until  it  is  made  equal  to 
the  meridional  difference  of  latitude,  and  D  E  be 
drawn  at  right  angles  thereto,  and  parallel  to  B  C ; 
then  the  triangle  A  D  E  will  be  a  figure  in  Merca- 
tor's  sailing,  in  which  the  angle  A  represents  the 
course,  the  side  A  D  the  meridional  difference  of  Jj] 
latitude,  and  the  side  D  E  the  difference  of  longi-  ^     ^ 

tude.    Now,  since  the  two  triangles  ABC  aiid  A  D  £  are  right  angled. 
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•  • 

and  that  the  angle  A  isvooiiimoii  to  both;  therefore  they  are  equi- 
angular :  and  because  they  art  equi-angular^  they  are  also  similar;  there* 
fore  the  sides  containing  the  equal  angles  of  the  one  are  proportional  to 
the  sides  containing  the  equal  angles  of  the  other.— Eaclid|  Book  VI,^ 
Prop.  4. 

Now,  from  the  relative  properties  of  those,  two  triangles,  all  the  analogies 
for  the  solution  of  the  different  cases  in  Mercator's  sailing  may  be  readily 
deduced  agreeably  to  the  established  principles  of  right  angled  trigono- 
metry, as  given  in  page  171^  and  thence'  to  177 ;  as  thus : — 

First,  in  the  triangle  ABC>  if  the  distance  AC  be  made  radius,  the 
analogies  will  be, . 

1.  As  radius  ;  distance  AC  11  sine  of  the  course  A  I  departure  EC  j 
and  1 1  CO*  sine  of  the  course  A  I  difference  of  latitude  A  B« 

2.  As  sine  of  the  course  A  \  departure  B  C  1 1  radius  I  distance  AC; 
and  1 1  co-sine  of  the  course  A  I  difference  of  latitude  A  B. 

3.  As  co^sine  of  the  course  A  :  difference  of  latitude  AB  ;;  radius  I 
distance  AC;  and  : :  sine  of  the  course  A  I  departure  B  C. 

4.  As  the  distance  A  C  I  radius  : :  departure  B  C  t  sine  of  the  course  A ; 
and  1 1  difference  of  latitude  A  B  I  co-sine  of  the  course  A, 

Again,  by  making  the  difference  of  latitude  A  B  radius,  the  analogies 
will  be,  . 

5^As  the  difference  of  latitude  AB  t  radius  ;  I  departmeBC :  tanjgent 
of  the  course  A;  and  I !  distance  A  C  I  secant  of  the  course  A. 

6.  As  radius  :  difference  of  latitude  A  B  : :  tangent  of  the  comae  A  I 
departure  B  C ;  and  1 1  secant  of  the  course  A  *.  distance  A  C. 

And  by  making  the  departure  B  C  radius,  it  will  be, 

7«  As  the  departure  B  C  I  radius  ; :  difference  of  latitude  AB  :  co-tan-' 
gent  of  the  course  A ;  and  1 1  distance  A  C  I  to-secant  of  the  course  A* 

8.  As  radius  I  departure  B  C  !  I  co-tangent  of  the  course  A  :  dii 
of  latitude  A  B ;  and  I  ]  co-secant  of  the  course  A  I  distance  A  C. 

Now,  in  the  triangle  A  D  E,  if  the  meridional  difference  of  latitude  A  D 
be  made  radius,  the  analogies  will  be,     . 


9.  As  the  meridional  difference  of  latitude  AD  I  radius  1 1  diflerence, 
longitude  D  E  *.  tangent  of  the  course  A.  '  '^V  J 

10.  As  radius  :  meridional  difierence  of  latitude  AD  II  tangent  of  ^MEI*    " 
course  A  I  difference  of  longitude  D  E.  • 

-  And  by  making  the  difference  of  loi^tode  D  E  radiufy  it  will  be^ 
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1 1.  As  the  difference  of  longitude  D  B  :  radius  : :  meridional  differeitiee 
of  latitude  D  £  *  co-tangent  of  the  course  A. 

12.  As  radius  :  difference  of  longitude  D£  ! :  co*tangent  of  the  coune 
A  I  meridional  difference  of  latitude  A  D. 

Finally,  since  the  triangles  ABC  and  A  D  E  are  equi-angular  and  simi- 
lar, we  have, 

13.  As  the  difference  of  latitude  AB  '  departure  BC  ::  meridional 
difference  of  latitude  AD  I  difference  of  longitude  D  E. 

» 

The  meridional  difference  of  latitude  is  found  by  means  of  Table  XLIIL, 
by  the  same  rules  as  those  for  the  difference  of  latitude  given  at  page  214; 
as  thus : — If  the  two  given  latitudes  be  of  the  same  name,  the  difference  of 
their  corresponding .  meridional  parts  will  be  the  meridional  difference  of 
latitude ;  but  if  the  latitudes  be  of  contrary  names,  the  sum  of  these  parts 
will  be  the  meridional  difference  of  latitude. 


.   Problem  L 

Given  the  Latitudes  and  Longitudes  of  two  Places ;  to  find  the  Qmne 

and  Distance  between  them. 


Example. 

Required  the  course  and  distance  between 
Cape  Bajoli,  in  latitude  40?3^.  I^,  and  longi- 
tude 3?52^  E.,  and  Cape  Sicie,  in  latitude 
43?2'  N.9  and  longitude  5?58'  K? 


I>iff.lm%y.  /%6,  p 


Lat.  of  C.  Bajoli  40?  S^N,  Merid.pts.  2626.6.   Longitude  3?52^B. 

Lat.  of  C.  Sicie    43.   2  N.  Merid.pts.  2865.8.   Longitude 5. 58  E. 

■  ■    ■  ii  ■  ■  I  ■ 

Diff.  of  latitude       2?59:  Merid.diff.lat.  239.2.   Diff.  long.2?  6'. 


=  179  miles. 

To  find  the  Course  =  Angle  A  :— 


=  126  miles. 


This  comes  under  the  9th  analogy,  in  page  237  :  hence. 

As  the  merid.  diff.  of  lat.  =  239. 2  miles,  Log.  ar.  comp. 
Is  to  radius  =  ....  90?  0'  0'/  Log.  sine  =  • 
So  is  the  diff.  of  long.  =  •      1 26  miles.        Log.  zz      •    < 


7.621239 

10.000000 

2.100371 


To  the  courses    •    .    .    27?46:42r        Log.  tangent  ==    9.721610 


"I 

■f  I 
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To  find  the  Distance  =  AC  r-^- 
This  comes  tinder  the  6th  analogy^  in  page  237  :  hence^ 
As  radius  =     .     •     .     90?  0'  0.^     Log.  co-secant  =  • 
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It  to  the  difF.  of  lat.  =     179  miles,    Log.  =     .     •    • 
So  is  the  course  s    .    27?46M2?     Log.  secant  =  • 


10.000000 

2. 252858 

10.053176 


To  the  distance  =     .  202. 3  miles,    Log.  = 2. 306029 

^ence,  the  true  course  from  Cape  Bajoli  to  Cape  Sicie  is  N.  27?47-  E.^ 
or  N.N  J!.  \  E.  nearly,  and  the  distance  202. 8  miles. 

To  find  the  Course  and  Distance,  by  Inspection  in  the  general 

Traverse  Table :— 

« 

The  meridional  difference  of  latitude  239. 2,  and  the  difference  of  longi- 
tude 126,  as  departure,  are  found  to  agree  nearest  at  28?,  which,  there- 
fore, is  the  course.  Now,  to  course  28?,  and  difference  of  latitude  179^ 
the  corresponding  distance  is  203  miles ;  which  nearly  agrees  with  the 
result  by  calculation. 


Problem  II. 

Qioen  the  LatUude  and  Longitude  of  the  Place  sailed  from,  the  Grnvf 
and  Diitance;  to  find  the  Latitude  and  Longitude  qf  the  Plaee  come 


to. 


Example. 


A  ship  from  Cape  Ortegal,  in  latitude  43?47' 
N.,  and  longitude  7?49:  W.,  sailed  N.W.  $  N. 
560  miles ;  required  the  latitude  and  longitude 
come  to  7 


'^JHf^Jnnijf^ 


To  find  the  Difference  of  Latitude  =  A  B  :— 

This  comes  under  the  1  st  analogy,  page  237  :  hence, 

• 

A*  radius  =  .  .  .  .  QO^O'  Log.  co-secant  =  . 
Is  to  the  distance  =  .  560  miles,  Log.  =  .  .  .  • 
So  is  tlie  course  =     .    .    3^  points,   Log.  co-sine  =     .    . 


10.000000 
2. 748188 
9.888185 


To  the  diflf.  of  latitude  =  432. 9  miles,  Log.  - 2. 636373 


Ti  iuit  tut  I>ifiemiii»  nf  l«{iiiciiudfr  =  I  Z  — 


A*  ffMifi«  s:   .     .     .       ill*'  0  Ime-  c«>-i«caEo:  s      -     .     l*v .  MKMKKi 


Ti.  tue  <iif .  rf  iffiif:^:!A. :  uii*«-  L*i»c.  = -•  "^  '^'^V 


3^1^ift  <tjff.  rf  ifc  =      041-0  ^' 


To  eMfM  Zi  y^^z^Jk^  *z*4  li*lf  x\j^  djftacee  =  2S0,  tbc 
tftXiu^  U  2U/.  4  ^  t/jA  Cf^hkt  of  whk'b,  or  432.  S,  is  the 
btiUid*;  bwMTi  tfA  U*JtJttde  cotat;  to  i*  51:0'  X.,  and  the 

XoiTf  Co  eowne  «/(  poicit*^  luid  oD«-thir4  of  the  meridiooal  diftiuKe  af 
Ifttiuufe  s  2121. 7^  ttie  corrt^foud'iug  depaitore  b  1/5. 4,  propartioB  hOBg 
ifuid«  f'/r  tfi«  exiseM  of  ike  i^vtHf  aljore  the  tabular  difference  of  lalitBdei 
tlien  IJi,  4  y.  si  ^  524  riiile«  ;  which^  therefoffe,  b  the  differenee  of  loop- 
tude* 


Problem  III. 

Oiten  tlu!  Latitude  awl  Djfigitude  of  the  Place  gailed  fiom^  the  Gmne^ 
and  tlu:  DqHirturef  to  find  the  Dutance  Mailed^  and  the  Jjatitude  and 
longitude  of  the  Place  come  to. 

Hxample. 

A  ship  from  Wreck  IlillyDermudaSy  in  latitude 
32*15'  N.,  and  longitude  G4?47^  W.,  sailed 
S.W,  i  W,,  and  made  340  miles  of  departure ; 
required  the  distance  sailed^  and  the  latitude  and 
longitude  come  to  ?  K"^ — ^^fl.  . — 
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To  find  the  Distance  =5  A  C :— 

This  comes  imder  the  8th  analogy,  page  237 :  hence, 

As  radius  =  .  .  90?0'  .  Log.  co*secant  s  10.000000 
Is  to  the  departure  ss  340  miles,  Log.  ^  ...  2. 53 1479 
So  is  the  course  s '    Ai  points,  Log.  co-secant  ss     10. 1 11815 

To  the  distance  =  439. 8  miles.  Log.  =    .    .    .2. 643294 

.  • 

To  find  the  Difference  of  Latitude  ss  A  P  :— 

This  comes  under  the  8th  analogy,  page'2S7 :  hence. 

As  radius    =     .    90?     .    Log*  co-secant  as    .    10.000000 

.  If  to  the  departure  340  miles.  Log.  =      .     »    .    .      2. 53 147-9 

So  ip  the  course  =  4^  points.  Log.  co-tangent  s   .      9. 914173 

T9ihe£ff.oflat.-279miie8,.Log.  =     .    .    ...    2.445662 

^ofWfMkHiU,  Bermudas,    S2?15^N.        Mend,  parte  a     2046.1 
Bierflii^tades  279  miles, or    4.39   S.     . 


.        •        • 


^27?36:N.        Merid.  parts  =^'  1724.0 

Meridi^.diilerence  of  latitude  = .    ...    3S2.I 

♦.  I  . 

'   '^W'.        To  find  the  Diffinrepce  of  Longitude  DB>— 

*  .  •  • 

.    lUs  comes  under  the  lOth. analogy,  page  237 :  hence, 

'i^.    ■•■•-■ 

'  .^Mias  =  .  .  90?0'  Log.  co-secant  =*  10.000000 
Tb  to  merid.  diff.  of  lat.=322. 1  miles.  Log.  =  .  2. 507991 
So  is  the  course     =     4|  points.  Log.  tangent  =    .10. 085827 

To  the  diff.  of  long.  =  392. 5  miles.  Log.  a      .    .    2. 593818 

Longitude  of  Wreck  Hill,  Bermudas,  =    .     .     64247  •  W. 
Difference  of  longitude  =  392. 5  miles,  or  =       6. 32    W. 

'^-^;Iioiiptude  come  to  = WWW. 

""■.    .  •  ' 

The  flistance  sailed  is  440  miles,  very  nearly. 
•  *  .... 

*.  #        . 

To  find  the  Distance  sailed,  and  the  Latitude  and  Longitude  come  to, 

by  Inspection : — 

To  Ae  conmi  4§  points,  and  half  the  departure  =  1 70,  the  correspondmg 

E 


L 


••4 


• 


242 


NAVIGATION. 


difference  of  latitude  is  139. 6^  under  distance  220 ;  twice  the  latte^,  or 
440  miles,  is,  therefore,  the  distance  sailed ;  and  twice  139.6  =:  279.2 
miles,  or  4?39^,  is  the  difference  of  latitude :  whence  the  latitude  in,  is 
27?36^  N.,  and  the  meridional  difference  of  latitude  322. 1.  Now,  to 
course  4|  points^  and  half  the  meridional  difference  of  latitude  =s  161  miles, 
in  a  latitude  column,  the  corresponding  departure  ii  196*  3 ;  the  double  of 
which,  or  392. 6  miles,  is  the  difference  of  longitude :  hence^  the  longitude 
come  to  is  71^191^  W. 


Problem  IV. 

Gwen  both  Latitudes  and  the  Course;  to  find  the  Distance  and  the 

Longitude  in. 


Example, 

•  • 

A  ship  from  the  east  end  of  Martha's 
Vineyard,  in  latitude  4l?21'  N.,  and  lon- 
gitude 70'?24C  W.,  sailed  S.E.  J  S.,  and,  by 
observation,  was  found  to  be  in  latitude 
32?21 '  N.  I  required  the  distance  sailed^  and 
the  longitude  at  which  she  arrived  ? 


XS^ 


ffft^ 


Lat.  of  the  east  end  of 

Martha's  Vineyard  = 
Lat.  in,  by  observation  = 


41?2KN. 
32.21    N. 


Merid.  parts  £t    2729.5 
Merid.  parts  =   8053.2 


Difference  of  latitude  =     9?  0^=540  miles.      Merid.diff.oflat.=676.3 


To  find  the  Distance  =  A  C  ^—  - 

This  comes  under  the  6th  analogy,  page  237 ;  therefore, 

As  radius  =  .    .     90?0^  Log.  co-secant  =     .    .     10. 000000 
Is  to  the  diff.  of  lat.  540  miles.  Log.  =    .    .      2.732394 

So  is  the  course  =  3|  pts.  Log.  secant  =    .    .    .     10.'  111&15 


To  the  distance  =  698. 6  miles.  Log.  =  ....    2. 844209 
To  find  the  Difference  of  Longitude  =  D  E  :— 
This  comes  under  the  10th  analogy,  pa^  237 ;  therefor«;p 
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Asradiui=:   .     .    90?0^  Log.  co-secant  »  10;  000000 

l6  to  mer.  diff.  iat.   676. 3  miles^  Log-a   *    .    .    .    2: 830139 
So  is  the  courses  3^  pts.  Log.  tangent  =>   '«  9.914173 


To  the  diff.  of  long.sii  555  miles,  Log.  s    .    .     •      2. 744312 

Longitude  of  east  end  of  Martha's  Vineyard»  70?24^  W. 
Difference  of  longitude  =  555  miles;  or=         9. 15     E. 


.    Longitude  at  which  the  ship  arrived  s     .     •     61?  9i  W, 

To  find  the  Distance,  and  the  Difference  of  Longitude,  by  Inspection. 

To  the  course  3|  points,  and  one  third  of  the  difference  of  latitude  = 
180,  the  corresponding  distance  is  233 ;  which  multiplied  by  3,  gives  699 
miles,  the  distance. — And,  to  course  3|  points,  and  one  third  of  the  meri- 
dional difference  of  latitude  ==  225.4,  in  b  latitude  column,  the  corres- 
ponding  departure  is- 185.  2  ;  now,  this  being  multiplied  by  3,  gives  the 
of  longitude  =:  555. 6  miles. 


■  ■!  ■■■■     ■         ■     I  — — ^— — y— ^^■■M ^ 


Problbm  v. 

I 

GiMii  both  LttiUudes  and  the  Distance ;  to  find  the  Cowee  and  Difference 

of  Longitude,    . 


Example.  g     j^r  iofu^ 


A  ship  from  Urris  Head,  Broad  Haven,  in  Iat. 
54^21'  north,  and  longitude  10?  2  C  west,  sailed 
900  miles  upon  a  direct  course  between  the  south 
and  west,  and  then  by  observation  was  found  to 
be  in  latitude  43?  14  ^  north  ;  required  the  course 
steered,  and  the  longitude  come  to  ? 


Lat.  of  Urris  Head  =  54?21 :  N.  Meridional  parts  =  .     3900. 5 

Ladtdde  by  observ.  =  43. 14    N.  Meridional  parts  =  .      2882. 3 

Difference  latitude  =11?  7'  =667iniles.  Mend,  diiff.  lat.  =     .     1018. 2 

To  find  the  Course  =:  Angle  A : — 

This  falls  under  the  4th  analogy,  page  237  :  hence, 

R  2 
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As  the  distance  =r  .  •     900  miles^  Log.  ar.  compt.    7*  045757 

Is  to  radius  =   .     .  .90^0            Log.  sine  =     .10.000000 

So  is  the  diff.  of  iat.  667  miles,  Log.  =  .    .    .    2. 824126 


To  the  course  =  42?10^26r  Log.  co- sine  =   9.869883 

■  • 

To  find  the  Difference  of  Longitude  =  D  E :— 

This  falls  under  the  10th  analogy,  page  237  :  hence, 

As  radius  =  ..    ,     90°0^  Log.  co.8ecant=l 0.000000 

Is  to  mer.  diflf.  of  Iat.  1018.  2  miles.  Log.  =       .    .    3. 007834 

So  is  the  course=42?  101 26r  Log.  tangent  =    9. 957087 

■I      ■ 
To  the  diflf.  longitude  922. 4    miles.  Log.  =  .    .    .    2. 964921 

Longitude  of  Urris  Head  =     .     .     .     .     10?  2'  W. 
Difference  of  long.  =  922. 4  miles,  or  =    15. 22    W. 

Longitude  come  to  =     ..••'•.    25'?24C  W. 

To  find  the  Course,  and  the  Difference  of  Longitude  by  Inspection. 

Qne-fourth  of  the  distance  =  225,  and  one-fourth  of  the  difference  of 
latitude  =  166.  7^  are  found  to  agree  at  3f  points;  which,  therefore,  is  the 
course. — ^Now,  to  course  3f  points,  trnd  one  fifth  of  the  meridional  diffn^ 
ence  of*  latitude  =  203.6,  the  departure  nearest  agreeing  is  184.7';  this 
being  multiplied  by  5,  gives  923.  5  miles ;  which,  therefore,  is  the  difference 
of  Jongitude : — differing  about  one  mile  from  the  result  by  calculation. 


Problem  VI. 

Given  one  Latitudey  Distance^  and  Departure  ;  to  find  the  other  iMtitude, 

the  Course^  and  the  Difference  of  Longitude.    . 

Example. 

A  ship  from  Cape  St.  Vincent,  in  latitude 
37®3'  north,  and  longitude  9°0'  west,  sailed 
1300  miles  upon  a  direct  course  between  the 
south  and  west,  until  her  departure  was  920 
miles;  required  the  course  steered,  and  the  lati- 
tude and  longitude  at  which  the  ship  arrived  ?        iu.      ,> 

Z^5J^  Ipno. 
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To  find  the  Course  s  Angle  A :— 

Thb  comes  under  the  4th  analogy,  page  237  j  hence. 

As  the  distance  =  1300  miles,  Log.  ar.  compt.         6. 886057 
Is  to.  radius  =         90?0^  Log.  sine  =     .    .  10. 000000 

So  is  the  depart.  =  920  miles.  Log.  ='      ...    2. 96378S 


-r* 


To  the  course      =:  45?2^52r  Log.  sine  s     .    .    9. 84^845 


To  .find  the  Difference  of  Latitude  =  A  B  :— 

This  comes  under  the  1st  analogy,  page  287  J  hence. 

As  radius  =  90?0^  Log.  co-secant.=  10. 000000 

Is  to  the  dist.  =s    1300.  mile^  Log.  »      «    .    .  8. 1 13943 
So  is  the  eourse=:45?2^52r    Lc^.  oo-sine.s       9. 849125 


To  the  diff.  lat.    918.5milesiLog.=:     ...    2.963068 

Ladtude  of  Cape  St.  Vipcent      =37?  3^  N.  Meridional  parU  ^  2396. 4 
Diff.  of  lat.  =  918.5  miles,  or  =15. 19    S.  , 


Lat.  al.which  the  ship  arrived    =  21?44:  N.  Meridional  parts  s  1336.4 

•     * 

Meridional  difference  of  latitude  =?     .    .    .     1060. 0 

■ 

To  find  the  Difference  of  Longitude  =  D  E :— - 

This  comes  under  the  10th  analogy,  page  237 ;  hence. 

As  radius  =     .    90?  0^  Log.  co-secant  =    10.000000 

Is  to  mer.  diff.  lat.  1060  miles,  Log.  =  .    .     .      3.025306 
8oisthecourse=45?2'52r   Log.  tangent  =  .  10.000724 


To  the  diff.  long.  =  1061. 8  miles,  Log.  =  3. 026030 

Long,  of  Cape  St.  Vincent  = 9?  0^  W. 

Diff.  of  longitude  =  1061. 8  miles,  or  =  .    .     17. 42    W. 

^ogitude  at  which  the  ship  arrived  =      .    .    26?42^  W. 

The  course  steered  is  S.  45?3'  W.,  or  S.  W.,  very  nearly. 
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To  find  the  Co.urse,  and  the  Latitude  and  Longitude  by  Inspection. 

One-fifth  of  the  distance  =  260,  and  one-fifth  of  the  departure  =184, 
are  found  to  agree  nearest  at  45  ?  ;  which,  -therefore,  is  the  coane  |  and  the 
corresponding  difference  of  latitude  is^  183. 8,  which,  multiplied  by  5,  gives 
91 9  miles,  the  difference  of  latitude:  whence,  tlie  latitude  come  to  is  21?44C 
north,  and  the  meridional  difference  of  latitude  1060  miles.  Now,  to 
the  course  45?,  and  one  fifth  of  the  meridional  difference  of  latitude  = 
212,  in  a  latitude  column,  the  corresponding  xleparture  is  212. 1 ;  and 
this  being  multiplied  by  5,  gives  the  difference  of  longitude  =  1060. 5 
miles ;  hence,  the  longitude  at  which  the  ship  arrived  is  26?41  C  west. 


.  Problem  VII. 

Given  both  LaiitudeSy  and  the  Departure  ;  to  find  the  Qmne^  Distance^ 

and  Difference  of  Longitude. 


Example. 

A  ship  from  Cape  Cantin,  in  latitude  32?33^ 
north, « and  longitude  9?15C  west)  sailed  upon  a 
direct  course  between  the  north  and  west,  until, 
by  observation,  she  was  found  to  be  in  latitude 
38?54 '  N.,  and  to  have  made  514  miles  of  depar- 
ture ;  required  the  course  steered,  the  distance 
sailed,  and  longitude  come  to  ? 


/?«/f  leitqi 


Lat.  of  Cape  Cahtin  =  32?33!  N.  Merid.  parts  =        2067. 4 

Lat.  in  by  observations:  38. 54    N..  Merid.  parts  s        2537.  2 


Difference  of  Lat.  =:        6?21  i  =381miles.  Merid.  difflof  Lat.s  469. 8  ms. 

To  find  the  Course  =  the  Angle  A  : — 
This  comes  under  the  5th  analogy,  page  -237  ;  hence, 

As  the  difference  latitude  =  381  miles.  Log.  ar.  compt.  =  7. 419075 
Is  to  radius  =     .    .    .        90?0^         Log.  sine  =*  JO.  000000 

So  is  the  departure  =  514  miles,  Ldg.    =    .    .     .     2.710963 

To  the  course  =         53»27C9r  Log.  tangent  =     10.130038 
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To  find  the  Distance  =  A  C :  ^ 

This  comes  under  the  6th  analogy,  page  237 ;  hence, 

As  radius  =  .    .      90?0C  •        Log.  co-sepant  ^  10. 000000 
Is  to  the  diff.  lat.     381  miles,     Log.  =     ...      2.580925 

So  is  the  course  s  53?27^9?     Log.  secant  =     .  10.  225126     - 


To  the  distance  s  639.  S  miles,  Log.  ts   .....  2, 806051 

« 

To  find  the  Difference  of  I^ODjiptiide  =  P  B :—  ' 

This  comes  under  the  10th  analogy,  page  237 ;  hence, . 

As  radius  s    .    .     90?0'  Log.  co-secant  =  10. 000000 

Is  to  mer.  difF.  Iat.s  469. 8  miles,  Log.  »    .    .    «    2,671913 
So  is  the  course  ^  53927 ' 9r        Log.  tangent  s     10^  180039 


To  diflf.  of  long.  =x  633. 8  niUes,   Log- »     •    •    •    2.801952 

Lonptude  of  Cape  Cantin  =  .     •    .    1    •    9?  15^  W. 
Difference  of  long.  «;  688.  Smiles^  or  s  .  10.34    W; 


Longitude  come  to  ss \  .    •    .     ]9?49f  W. 

No/e.— The  difference  of  longiti^de  D  E  may  be  readily  found,  indepen- 
dent of  the  course,  by  the  13th  analogy,  page  238. 


To  fimi  the  Course,  Distapce,  and  Difference  of.  Longitude  by 

Inspection  :■?— 

One-third  of  the  difference  of  latitude  =  127,  and  one-third  of  the  de- 
parture =  171*3,  are  found  to  agree  nearest  abreast  of  4ipwitB,  the 
course,  and  tinder  distance  213 :  hence,  213  x  3  =  639  is  the  distance 
sailed.  Again,  to  the  course  4|  points,  and  one  third  of  the  meridional 
difference  of  latitude  =  156. 6,  in  a  latitude  column,  the  corresponding  de- 
parture is  211.2,  which,  multiplied  by  3,  gives  633.6;  and  hence  the 
longitudf  19?49*  west:  being  nearly  the  same  as  by  calculation. 


•  • 
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PROBI3M  VIII. 

Given  One  Latiiudef  Course^  and  Difference  of  Longitude;  to  find  the 

Distance  and  the  other  Latitude. 

Example.  ^ 

A  ship  from  Port  Dauphin,  Madagascar,  in    ^ 
latitude.  25 ?5:   «outh,    and  longitude   46?35^    ^ 
east,  sailed  S.  E.  ^  S.  till  she  was  found  by  ob-    |;; 
servation,  to  be  in  longitude  53?55'  east;  re- 
quired the  distance  sailed,  and  the  latitude  at 
which  the  ship  arrived  ?  ^ 

Longitude  of  Port  Dauphin  :?:  46?35  ^  E.  .      * 
Longitude  in  by  observation  ±z  53«  55     E. 

* 

Difference  of  Longitude  =  .    .  7?  20^   =  440  miles.^ 

To  find  the  Meridional  Difference  of  Latitude  =  A  Dr'j  — • 

This  comes  under  the  1 2th  analog)',  page  238  ;  hence, 

As  radius  =^.  dO?0^       Log.  co-secant=  ..    10.000000     • 

Is  to  the  diff.  long.  440  miles,  Log.  =      ....  2. 643453 

So  is  the  course  =  3|  pts.      Log.  co-tahgent  =  10. 042705 

•  . 

To  mer.  diff.  lat.  =  485. 5  miles,  Log.  =  .     •     .    2. 686158 

Latitude  of  Port  Dauphin  25?5'  S.  Mer.  parts  =        1555. 5  S. 
Meridional  diff.  of  lat.  =        . 485.5  S. 


Latitude  come  to  =         32?  1 1 '  S.  Mer.  parts  =       2041 . 0 

Difference  of  lat.  =  7?  6 Cs  426  miles. 

To  find  the  Distance  =  A  C  ;— 

This  comes  under  the  6th  analogy,  paj^e  237 ;  hence, 

As  radius  =  ,  •  90?  0'  Log.  co-8ec.=  TO.  000000 
Is  to  the  diff.  oTlat.  =  426  miles^Log.  =  .  .  2. 629410 
So  is  the  course  =        3}  points  Log.  8ecant=10.  130210 


i*W 


To  the  distance  =:  574. 9  miles.    Log.  =  .    .    2. 759620 
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To  find  the  Latitade  come  to,  and  the  Dbtanee  Sidled  by 

Inspection:-— 

To  the  course  3|  points,  and  one  third  of  the  difference  of  lon^tude  = 
146.  7,  in  a  departure  column,  the  corresponding  difference  of  latitude  is 
161. 5,  which,  multiplied  by  3,  gives  the  meridional  difference  of  latitude 
=  484.5  miles:  hence,  the  latitude  come  to  is  32?  10^  south,  and  the 
difference  of  latitude  425  miles.— -Now,  to  one  third  of  the  difference  of 
latitude,  thus  found,  :=  141. 7,  and  the  course  S|  pdnts,  thecbrrespioriding 
distance  is.l 91 ;  and  this  being  multiplied  by  8,  gives  the  JUetanoe  sailed 
as  573  miles.  «    .  * 


♦  : 

4b 
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Tojmd  the  Course,  Distance^  Difference  ofLattiiide,  and  Difference  tf 
IfOngihidemade  good,  upon  Compoufid  Courses;  and  also  the,  beortng 
and  Distance  from  the  Ship  to  her  i^itended  Port,  by  Inepectien  in  ihf 
General  JYaverse  Table. 

Rule. 

Make  a  Table  of  any  convenient  size,  as  that  to  the  following  exeifaiple, 
uid  divide  it  into  six  columns :  in  the  first  of  these  place  the  several  oointes, 
taken  from  the  log  board,  corrected  for  leeway,  if  any,  and  variation }  aid 
in  the  second,  theic  corresponding  (fistances.  The  third  and  fourth  cofanuii 
are  to  contain  the  differences  .of  latitude,  and,  therefore,  to  be  marked  N«S« 
at  top  I  and  the  fifth  and  sixth,  the  departures,  which  are  to  be  nuffked 
E.  W.  at  top  also. 

Find,  by  Problem  I.,  page  107^  the  difference  of  latitude  and  departure 
answering  to  each  corrected  course  and  distance,  and  place  them  in  their 
respective  columns  :  then,  the  difference  between  the  sums  of  the  north  and 
south  columns  will  be  the  whole  difference  of  latitude  made  good,  of  the 
same  name  with  the  greater  quantity ;  and  fhe  difference  between  the 
sums  of  the  east  and  west  columns  will  be  the  whole  departure,  of  the 
•ama  name  with  the  greater  meridian  distance. 

Bemark^The  courses  taken  {torn  the  log  board  are  to  be  coneeted  for 
variation  and  lee-way,  if  any,  as  thus.— If  the  variation  be  easterly,  it  is  to 
be  allowed  to  the  right  hand  of  the  course  steered  by  compass  j  bat  to  the 
left  hand  if  westerly.-^ And, 

If  the  larboard,  tacks  be  aboard,  the  leeway  is  to  be  allowed  to  the  right 
hand  of  the  course  steered ;  but  to  the  left  hand  if  the  starboard  tacks  be 
^aboard. 
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To  find  the  Course  and  Distance  made  good  ;^ 

To  the  whole  difference  of  latitude  and  departure,  so  found,  find  the  cor- 
responding course  and  distance  by  Problem  11^  page  108,  and  thus  the 
course  and  distance  made  good  will  be  obtained. 

To  find  the  Latitude  in,  by  Account,  or  Dead  Reckoning :— 

If  the  difference  of  latitude  and  the  latitude  of  the  plaee  from  which  the 

•hip's  departure  was  taken,  or  the  yesterday *s  latittide,  be  of  the  same  nami^ 

their  sum  will  be  the  latitude  in,  by  account ;  but  if  they  are  of  eoqtraiy 

names,  their  difference  will  be  the  latitude  in,  of  the  same  name  with  the 

greater  quantity.  ^ 

To  find  the  Difference  of  Liongltude: — 

A\^h  the  course  made  good|  and  the  meridional  difference  of  latitude,  in 
a  latitude  column,  find  the  corresponding  departure,  by  Problem  IIL  page 
UOi  lUid  it  will  be  the  difference  of  longitude. 

Or.— Witli  the  middle  latitude  as  a  course,  and  the  departure,  in  a  lati- 
tude column,  find  the  corresponding  distance,  by  Problem  V.,  page  111, 
and  it  will  be  the  difference  of  longitude. 

To  find  the  Longitude  in,  by  Account,  or  Dead  Reckoning  :— 

If  the  difference  of  longitude  and  the  longitude  of  the  place  from  wUeb 
the  ship's  departure  was  taken,  or  the  yesterday's  longitude,  be  of  the  same 
name,  their  sun^  will  be  the  longitude  in,  by  account,  when  it  does  not  ex- 
0eed  180? ;  otherwise,  it  is  to  be  taken  from  360?»  and  the  remainder  wiU 
be  the  longitude  in,  of  a  contrary  name  to  tfiat  left : — but,  if  the  differeaee 
of  longitude  and  the  longitude  left  are  of  contrary  names,  their  difference 
will  be  the  longitude  in,  of  the  same  name  with  the  greater  quantity. 

To  find  the  Bearing  and  Distance  from  the  Ship  to  the  Port  to  which 

she  is  bound  :-^ 

By  Mercator's  Sailing. 

With  the  meridional  difference  of  latitude,  in  a  latitude  eolumn,  and  tbft 
difference  of  longitude,  as  departure,  find  the  course,  by  Problem  IV.  page 
ill ;  then,  with  the  eonrse,  thus  found,  and  the  difference  of  lutitnde,  the 
distance  is  to  be  obtained' by  the  same  Problem^ — Or, 

By  Middle  Latitude  Sailing. 

Witix  the  middle  latitude  between  the  ship  and  the  proposed  place,  as  a 
course,  and  the  difference  of  longitude,  as  distance,  find  the  corresponding 
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meridional  disUmce,  or  depaiturci  by  Problem  VL  page  112;  then^  with  this 
departure,  and  the  difference  of  latitode,  the  course  and  distance  are  to  be 
obtained  by.  the  same  Ftoblem. 

Noted — ^The  true  bearing  or  course,  thus  found,  may  be  reduced  to  the 
magnetic,  or  compass  bearing,  if  necessary,  by  allowing  the  value  of  the 
variation  to  the.right  hand  if  westerly ;  and  to  the  left  hand  if  easteriy ; 
being  {he  converse  of  reducing  the  course. steered  by  compass,  to.  the  tme 
course. 

And,  this  rule  compri#es  the -substapce  of  that  nauUoal  operatiaq  whicli 
18  generally  terme4  4  day*i  work  at 


A  ship  from  Cape  EsjucheUj  in  ktitii^  88?8&'  norths  and  longitude 
9?  13^  west,  bound  for  Porto  Santo,  in  latitude  33?dC  north,  and  longi- 
tude 16?  17-  west,  by  reason  of  contrary  winds  was  obliged  to  sail  upon 
the  following  compass  courses ;  viy^^W.  by  S*  J6  iQi|c« }  N*  W.  1^  W. 
1 10  miles ;  W.  N.  W.  95  miles ;  S.  by  E.  ^  B.  50  miles ;  S.  by  W.  |  W. 
108  miles,  and  S.  S.  W.  )  16  miles  5  the  variation  was  9  points  ^resteify  on 
the  three  first  courses,  and  If  point  on  the  three  last :  requimi  the  come| 
and  distance  made  good,  flie  latitude  and  longitude  at  which  the  ship  at- 
rived  I  with  the  direct  course,  and  distant  from  thence  to  her .  iQta^M 
port?  .  . 
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Corrected 
Courses. 

Dis- 
tances. 

Difference  of  Latitude. 

Departure. 

N.       IS. 

B.        <       W. 

8.W.byW. 

W.byN. 

West. 

a.s.|S. 

:    South. 

S.iW. 

1                               , 

• 

• 

m 

.      56 

110 

95 

50 

103 

116 

99 

21.5 

99 
99 
99 
99 

31.1 

99 

99 

40.2 
106.0 
115.9 

99 

• 

9% 

• 

*» 

29.8 

•       99 

99 

46,6 

107.9 
95.0 

5.7 

2U5 
Diff,  LaUs 

290.8 
21.5 

29.8 

» 

1 

Dqpartmr«9s 

255.2 
29.8 

p  >  •                    ■  i « 

268.7 

mA  ■ 
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To  find  the  Course  and  Distance  made  good  :-* 

Half  the  difference  of  latitude  =  134.35,  and  half  the  departure  = 
112.  7)  are  found  to  agree  nearest  abreast  of  40?  under  distance  175;-^ 
now,  175  X  2  =  350  miles. — Hence,  the  course  made  good  is  S.  40?  W. 
or,  S.  W.  i  S.  nearly,  and  the  distance  350  miles. 

To  find  the  Latitude  and  Longitude  come  to,  by  Account  :— 

tat.  of C.  E8pichell=    38?25:  N.  Mer. pts. 2500. 1.    Long.=9?13^  W. 
Diff.of  lat.=269  ms.,  or  4. 29    S Diff.  long.=4. 40  W. 

Latitude  come  to  =      33?56l  M.  Mer.  pts,  2166. 7.  Long.=  13?531  W. 

Merid.diff.oflat.    •.=    333.4 


To  find  the  Difference  of  Longitude  made  good  ^^ 

To  the  course  made  good  =  40?  and  half  the  meridional  difference  of 
latitude  =  166.  7  the  corresponding  departure  is  140.  1,  which,  multiplied 
by  2,  gives  the  difference  of  longitude  280. 2  miles  =  4? 40'  west— Or, 

• 

With  the  middle  latitude  =  36?  10^,  and  half  the  departure  =  112.7, 
in  a  latitude  column,  the  corresponding  distance  is  139.3  (proportion 
being  made  for  the  10  minutes  of  latitude) ;  hence,  139. 3x2=  27^.  6 
miles,  the  difference  of  longitude  ;  being  about  a  mile  and  a  haff  less  than 
the  result  by  Mercator's  sailing: 


To  find  the  Course  and  Distance  from  the  Ship  to  her  intended  Port  :— 

Lat.  of  the  ship  33?56^  N.        M.  pts.  2166. 7.  Longitude  13?53:  W. 
Lat.  Porto  Santo  33.   3    N,        M.  pts.  2103. 1.  Longitude  16. 17    W. 

Diff.  of.Lat.  =      0?53^=53ms.M. diff. L.63. 6. Diff. Long.  2?24C  =  144* 


By  Mercator's  Sailing. 

The  meridional  difference  of  latitude  =  63.6  in  a  latitude  column,  and 
the  difference  of  longitude  =  144,  in  a  departure  column,  arc  found  to 
agree  nearest  abreast  of  66?  the  course.— Now,  to  course  66?  and  differ- 
ence of  latitude  53^  the  corresponding  distance  is  130  miles.— Or, 


» 


msecatoe's  sailing.  !88S. 

With  the  middle  latitude  s  33^30'  as  a  course,  and  the  diffeienee  of 
longitude  s  144  as  dbtanesi  the  corresponding  diffwenee  of  latitude  is 
120.  l.^Now,  mt\i  120. 1  in^  departure  column,  and  the  difference  of 
latitude  s  53,  in  its  proper  column,  the  corresponding  course  b  60?  and 
the  distance  131  miles. 

« 

Hence,— The  course  made  good  is  S.  40?  W,  dr  S.  W.  i  S.  nearfy. 
The  distance  made  good  is  350  miles. 
The  latitude  by  account  i8  33?5QC  north, 
llie  long,  by  account  is     13.53    west 

Andy 
Porto  Santo  bears  from  the  ship  S.  06?  W.  or  W.S.  W.  nearly; 
.    Distance  130  miles  as  required. 


Nole.— If  the  latitude  and  longitude  of  the  ship,  or  either  of  them,  ha^s 
been  deduced  from  cetestial  obsenrations,  they  are  to  be  made  nSe  of, 
instead  of  those  by  account,  in  determining  the  course  and  dutanee  between 
the  ship  and  the  place  to  which  she  is  boupd. — See  the  eompendium  of 
Practical  Navigation  near  the  end  of  this  Volume. 


•  ExampU  2. 

A  ship  from  Port  Royal,  Jammca,  in  latitude  17? 58'  north,  and  kmgt** 
tode.  76?5S^  west,  got  under  weigh  for  Hayti,  St.  Domingo,  in  ladtiide 
18?30'  north,  and  longitude  69?49'  west,  and  sailed  upon  the  fcdlowing 

-courses,  viz.;  8.  40  miles;  S. E.  by  S.  97  miles;  N.  by  E.  72 miles; 
S.  E.  I  S.  108  miles;  N.by  E.^E.  114  mUes;  S.  E.  126  miles;  N.N.E. 
86  miles ;  and  then  by  observation  was  found  to  be  in  latitude  16?  551  N.^ 
and  longitude  72?301  W.;— the  lee-way  on  each  of  those  courses  wasa 
quarter  of  a  point  (the  wind  being  between  E.  S.*E..i  S.  and  K  by  N.  ^  N.), 
and  the  variation  of  the  compass  half  a  point  easterly :— re(}nired  the  true 

'  course  and  distance  made  good ;  the  latitude  and  longitude  at  which  the 
ship  arrived  by  account,  with  the  direct  course  and  distance  between  her  thie 
place  by  observation  and  the  port  to  which  she  is  bound  ? 
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,                                TRAVEaaB  Ta9L8.                                         1 

Corrected 
Courses. 

Dis- 
tances. 

• 

Difference  of  Latitude. 

Departure. 

N.   ■     1         S. 

E.        1      W. 

S.fW. 

b.  S.  £L  i  E* 

N.  by  E.  i  E. 

S.  S.  E. }  E. 

N.  by  E.  i  E. 

S.  E.  by  S.  i  E. 

N.N.B.1E. 

• 
• 

40 
97 

72 

108 

114 

126 

86 

If 

If 
69.8 

107!  3 

77.7 

39.6 

87. 7 

92.6 
.  101.2 

41.5 
17.5 
55.5 
38.4 
75.1 
36.8 

5.9 

99  . 
99 
.  11 

19 
99 

If 

254.8 

• 

Diff.  Lat.  = 

321.1 
254.8 

264.8 
5.9 

5.9 
Departure 

(56.3 

258.9:= 

To  find  the  Course  and  Distance  made  good : — 

Half  the  difference  of  Latitude  =  33. 15,  and  half  the  departure  = 
129.45,  are  found  to  agree  nearest  between  75?  and  76?,  under  distance 
134  ;  and  by  making  proportion  for  the  difference  between  the  given  and 
tbe  tabular  numbers,  the  true  course  will  be  found  s  75?S8«  ;  and  the 
dEntance  134,  x  2s8  168  miles.— Henee  the  course  made  good  is  S.  75?88^ 
B.  or  K  by  S.  i  8.  nearly ;  and  the  distance  268  miles. 


To  find  the  Latitude  and  Longitude  come  to,  by  Account  r--* 

Latof  Port  Royal=17?58:  N.Mer.pts.  1096. 1  Long.  =:  .76^.53^  W. 
IMff.  Lat.  66. 3,  or    1.  6   S.  Diff.  Long.  :=4. 30   EL 


Latcometo  by  ac.=:  16952  r  N.Mer.pU.  1026.9  Long,  by  ike.  72?23:  W, 

Merid.  diff.  of  Lat.  =      69. 2 

To  find  the  Difference  of  Longitude  made  good  : — 

To  the  course  made  good  =  75f38'  and  the  meridional  difference  of 
latitude  =  69. 2,  the  correspondmg  departure  is  270. 3,  proportion  b^ing 
made  for  the  38'  in  the  course  beyond  75? — Hence,  the  difference  of  ion- 
gitude  is  270.3,  or  4?30'  east.--.Or,  with  the  middle  latitude  =  17?25^ 
as  a  course,  and  half  the  departure  made  good  =  129.45  in  a  latitude 
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Ik 


coluttiti^  the  eomtponding  liittanee^  tt  top  of  tellonii  It  195 1  whiek^ 
tniiltiidied  by  2,  ^ves  the  dUbrenee  of  lon^tode  tm  270  milet. 

k  .  '  .  '    • 

To  find  the  Course  and  Dittttiee  from'  the  Ship  to  her  intended  Port :— 

•  ■ 

Lat.  of  ship  byob.  16?55 '.  N.    Mer.  pti.  IftSO.  1  '.  Long,  b^  ob.  72?30!  W. 
Lat.  of  Hayti  ■=   1 8. 30   N.    Mer.  pts.  1 1 29. 8    Lg.  of  Hayti  69. 49  W. 


^mmmm 


Dim  of  Lat.  sf      1?35^         M.D.L.s:99.7   Diir.^Loiig.2?4l' 


■«■■«» 


^  95  milea.  ta  161  milai. 

Hie  meridional  difference  of  latitiidd.  to  99. 7j  and  diffiveiiee  of  kop- 
tude  s  161^  in  a  departure  column^  are.feund  to  agree  nearest  becweea  . 
58?  and  59?  under  distances  188  and  194*}  and  by  making  proportkm  foi^ 
the  difference  between  the  given  and  the  tabular  nttmberiy  the  trde  eoQiMl 
will  be  found  ^  58?14C.-^Now,  to  course  58?  14^  and  (ffiffetenee  otWA" 
tude  95,  the  corresponding  distance  is  180mile8.«— Or^  with  tho  iidddlelili^ 
titude  ^  17?42i'  .as  a  course,  and  the  difierenee  of  longitude  ^  161  as« 
distance,  the  corresponding  difference  of  latitude  is  15S«4t-*HMyw9^tb 
153. 4,  in  a  departure  column,  and  the  ^fference  of  latitude  s  95,  hi  M 
proper  column,  the  course,  •  nearest  agredng,  b  58  d^rees,  and  th#  dto« 
tance  181  miles. — ^Hence, 

The  Course  made  good  is  S.  75?38C  E.  or  EL  by  S.  i&n6aily. 
Distance  made  good  m  268  miles. 
Latitude  come  to. by  account  ss  16?52^  N«  . 
Latitude  by  observation  a..    .  16?55^  N. 
Long,  come  to  by  account  n  «  72?  231  W, 
Long,  by  observation   ^     •     •  72?301  W. 
Hayti  bears  from  the  ship  N.  56?  14^  E.  or  N.  K  by  E.  |E.  nearly. 

Distance  180  miles,  as  requited. 

No^e.— This  example  and  the  preceding  exhibit  all  the  paitkulars 
attendant  on  making  out  a  day*9  work  at  sea. — See  more  of  this  in  At  com- 
pendium of  Practical  Navigation  near  the  end  of  this  Volume. 


SOLUTION  OF  CASES  IN  OBLIQUE  SAILING. 

« 
f  • 

OUSfpre  sailing  is  the  application  oT  oblique  angled  plane  trigonometry 
to  the  sohition  of  certam  cases  at  sea:  such  as  in  ooaatii^  dong  shore ; 
approachhig,  or  leaving  the  land  3  surveying  coasts  and  harbours,  See.,  where 
it  becomes  necessary  to  determine  the  distance  ^f  particular  placet  from 
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the  shipi  and  from  each  other. — And,  also,  when  it  is  required  to  settle  the 
position  of  any  place,  cape^  or  head-land  from  a  ship,  by  observations  taken 
on  board. 


Example  1. 

A  ship  being  about  to  take  her  departure  from  Madeira,  set  the 
Point,  which  bqre,  by  azimuth  compass,  N.  W.  by  N. ;  and  after  sailii 
S.  W.  20  miles,  it  was  again  set  and  found  to  bear  N.  }  E. ;  required  the 
ship's  distance  from  the  Lizard  at  both  stations. 

• 

Sohiiion. — ^In  the  annexed  diagram 
let  the  point  C  represent  the  Lizard,  C 

and  the  points  A  and  B  the  stations  or 
places  of  the  ship,  whence  the  bearings 
of  the  point  C  were  taken. — Now,  the 
difference  between  the  bearing  A  C  = 
N.  W.  by  N.  and  the  ship's  course 
A  B  =  S.  W.  is  9  points,  which  is  the 
value  of  the  angle  BAG,  measured  by 
the  arc  a  b : — ^The  difference  between 
N.  W.  by  N.  and  N.  i  E.  is  3i  points 
=  the  angle  A  C  B,  measured  by  the 

arc  bd;  and  the  difference  between  N.  |>  £.  and  N.  E.'(the  opposite 
point  to  S.  W.)  is  Si  points  =  the  angle  A  B  C,  measured  by  the 
arc  de. —  Then,  in  the  oblique  angled  triangle  ABC,  given  the  an- 
gles and  the  side  A  B,  to  find  the  sides  A  C  and  B  C  =  the  distance  of 
the  ship  from  the  Lizard  at  the  respective  stations. — Hence,  by  oblique 
angled  trigonometry.  Problem  L,  page  177* 


To  find  the  Distance  A  C  :— 


As  the  angle  C  =  •  . 
Is  to  the  distance  A  B- 
So  is  the  angle  B  = 


3i  pts.  Log.  co-secant 
20  ms..  Log.  =  .     • 
3i  pts.  Log.  sine  =: 


10.172916 
1.301030 
9. 775027 


To  the  dist.  A  C=    17. 74  ms..  Log.  =   ....     1. 248973 


To  find  the  Distance  B  C  :— 

As  the  angle  C  =:  .  .  3J  pts.  Log.  co-secant 
Is  to  the  distance  A  B  =  20  ms..  Log.  =  .  .  . 
So  is  the  angle  A  =  9  pts.  Log.  sine  =     . 

To  the  dist.  B  C  =:29. 21  miles^  Log.  :=       .    . 


=  10. 1729 W 

.  1.301030 

.  9.991574 

.  2.465520 
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Hence,  the  distance  of  the  ship  from  the  Lizard  at  the  fint  staUon  is  ITf 
miles ;  and  at  tht  second  station  29i  miles  n^ly.' 


Esample  2. 

Two  ships  sail  from  the  same  port,  one  N*  W.  by  W*  80  miles,  and  the 
other  S.  W.  68  miles;  required  the  bearing  and  distance  of  those  ships 
from  each  other '? 

Solution. — In  the  annexed  diagram  let  the 
side  A  C  represent  the  course  steered  bjr  one 
of  the  ships,  and  the  side  AB  the  course 
steered  by  the  other  ship ;  and  let  the  sidei ' 
BC  represent  the  relative  bearing  and  distance 
of  the  ships  from  each  other. — Now,  the 
difference  between  the  bearing  A  =  N.  W. 
by  W.  and  the  bearing  A  B  =  S.  W.  is  7 
points  =  the  angle  B  A  C,  measured  by  the 

arc  a b. — Hence,  in  the  oblique  angled  trumgle  ABC,  pven  the  side 
A  C  80  miles ;  the  side  A  B  68  milte,  and  the  included  angle  A  =  7 
points ;  to  find  the  other  angles,  and  the  •  side  B  C— -Ther^iorej  by  ob« 
lique  angled  trigonometry.  Problem  III.,  page  179, 

To  find  the  Angles  B  and  C :— 

As  the  sum  of  A  E  and  A'C  =:      148  miles.  Log.  ar.  compt.  =7*  Sf^Sft    ^ 

Is  to  cUfference  of  A  B  and  A  C  =  12  miles,  Log.  ==   .     .     •     1.079181    ^ 

So  is  \  sum  of  angles  B  and  C=  50?37.'30r  Log.  tangent  =  10.085827 

f  . 
To  i  diff.  of  angles  B  and  C  =         5?38^32r  Log.  tangent  =  8. 994746  ' 


Angle B='       .    .  56?16^  2r 
Angle  C  =        .    .  44*;58158r 

To  find  the  Side  B  C  ==  the  Distance  between  the  Ships  :— 


\. 


w 


As  the  angle  B  ==  56?16.'2r  Log.  co-secant ;;:     •    •     10. 080066 

Is  to  the  side  AC  =       SOmiles,     Log.  = .1.903090 

So  is  the  angle  A  =        7  points      Log.  sine  =    •    .    •    •    .0. 991574 

To dUtance B C  =    94.34inUei,    Log.  =      :    .    ....    1.974730 

t 


258  .     NAVIGATION. 


To  find  the  relatire  Bearings  of  the  Ships 

From  the  angle  B  =  56?  16'  2r  subtract  the  course  from  A  to  B  =  45?, 
and  the  remainder  =  1 1  ?  16^  1",  is  the  bearing  of  C  from  B  =  N,  1 1?  16' 
W,  or  N.  by  W.  nearly,— And  from  the  course  A  C  =  56?15C  subtract 
the  angle  C  =  44?58^58r  and  the  remainder  =  ll?16f2r  is  the  eourse 
from  Cto  B  =  S.  1 1M6'  E,  or  S.  by  B.  nearly. 

JSrampk  3. 

Coasting  along  shore  two  head-lands  were  observed  ;  the  first  boie,  by 
azimuth  compass,  N.N.E.,  the  second  N,W. :— after  sailing  W.  by  S. 
15  miles,  the  first  bore  N.  E.  \  E.  and  the  second  N.  by  E.  ^  E.  j  reqirired 
the  relative  bearing  and  distance  of  those  head-lands  from  each  other  \ 

So2u<io»i.— -In  the  diagram  ABDC, 
let  the  side  A  B  represent  the  course 
steered  by  the  ship ;  A  C  the  bear- 
ing of  the  first  head -land,  and  A  D  the 
bearing  of  the  second  head-land  from 
the  place  of  the  ship  at  A ;  and,  let 
B  C  represent  the  bearing  of  the  first 
head-land,  and  B  D  the  bearing  of  the 
second  head-land  from  the  ship's  ^  _^, 
place  at  B, — Now,  in  the   triangle 

ABD,  the  angles  and  the  side  AB  •^' 

are  g^ven,  to  find   the  side  A  D. — 

Thus,  the  difference  between  N.  W.  and  W.  by  S,  is  5  points  =  the  an- 
gle BAD,  measured  by  the  arc  a  e  5— the  diflFerence  between  N.  by  E, 
{  E.  and  E.  by  N.  (the  opposite  point  to  W.  by  S.  the  ship's  course,) 
is  5^  points  =  the  angle  DBA,  measured  by  the  arc  c  d,  and  the  diflfer- 
ence  between  N.  by  E.  I  E.  and  N.  W.  is  5^  points  =  the  angle  A  D  B, 
measured  by  the  arcce;  and  the  side  AB  =:  15  miles;  to  find  the 
side  AD. — Hence,  by  oblique  angled  trigonometry,  Problem  I.,  page  177, 

As  the  angle  A  D  B  =  5^  pts.  Log.  co-secant  =10. 054570 
Is  to  the  side  A  B  =  15  miles.  Log.  =  .  .  .  1. 176091 
So  is  the  angle  ABD  =  5^  pts.    Log.  sine  =  .     .    9. 945430 

TothesideAD     =   15  miles.      Log.  =        .    .     1.176091 

JNbfe.-^The  side  A  D  might  be  determined  independently  of  calculation, 
as  thus ;  the  angles  B  and  D  are  equal,  for  eaeb  is  measured  by  an  arc  of 


• !.-•••• 
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5|  poinu ;  and  tinea  ^ual  angles  are  subtended  by  equal  sides^  therefore 
the  side  A  D  is  equal  to  the  side  A  B  =  15  miles. 

Again«*-^Jn  the  triangle  A  B  C^  the  angles  and  the  side  A  B  an  gifcn^ 
to  find  the  side  A  C j  thus^  the  difference  between  N.  N.  E.  and  W.  by  S. 
is  11  paints  =:  the  angle  B  A C,  measured  by  the  are  a&/  the  diflferenoa 
between  N.  N.  E.  and  N.  K  i  K  is  2^  points  =  the  angle  AC  B^  mea* 
sured  by  the  arc  6  g,  and  the  difference  bet««een  N.  E.  i  £•  and  K  by  N. 
(the  opposite  point  to  W.  by  S.  the  ship's  cpurse,)  is  2}  points  =:  the  angle 
A  B  C^  measured  by  the  arc  g  d :— heMe^  the  side  A  C  may  be  found  by 
tte  above-mentioned  Problem  :  as  thus  :      ' 

s  '  ■$$,  the  angle  A  C  B  =:   2i  points     Log.  co-^ecants  10.  S69006 


I  > 


Is'la  the  side  A  B    =:    I&  miles,      Log.  =     •    •    .  1.176091 
60  is  flie  angle  ABC  =  2}  points  Log.  sine  =     .    9.7110S0 

TothesideAC:^ie.03mile8»       Log.«       •    .    1.256149 


Now,  in  the  triangle  ADC  there  are  given,  the  nde  A  D  =:  15  miles; 
the  side  A  C  =  18. 03  miles,  and  the  included  akig^e  D  A  C^  6  points  at  die 
difference  between  N.  N.  £•  and  N.  W.  measured  by  the  arc  e  2^  to  find  the 
an^esADCandACD,  and  the  side  DC— Hence,  by  tri^nometry,]PhH 
blem  in.,  page  179, 

As  the  sum  c^ACandAB     =33. 03  miles,  Log.  af .  compt.=8. 481091 
Is  to  difference  of  A  C  and  A  B  =  3. 03.  Lbg.  =     .    .    0. 48144» 

Soisisumofangs.ADCandACD=56?15f  OfLog.tang.= 10. 175107 


•^^ 


To  i  difference  of  those  angles  ==    .    .    7?49r  2rLog,tang.=  9. 137641 

Angle  ADC  =     .    .    64?  4f  2r 
Angle  ACD=:      .    .    48?25^58r 


To  find  the  Side  D  C :— 

As  the  angle  A  C  D  =      48?25r58f'  Log.  co-secant  =  .    .     10. 125995 

IstothesideAD:^  ISmiles,  Log.  = 1.176091 

So  is  the  angle  D  A  C  =  6  points         Log.  sine  =  .    .    •    •    9. 965615 

To  the  side  D  C  =  18. 52  miles,  Log.  =     .     .    . '  .    .     1 .  267701 

Hence,  the  distance  between  the  two  head-lands  Uj^Sj-miles. 


.     A 
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To  find  the  relatire  Bearings  of  the  two  given  Head-lands :— - 

To  the  angle  A  C  D  ==  48?25  ^  58f  add  the  course  or  bearing  from  A  to 
C  =  2  points^  or  22?30'  and  the  sum  =  70?55158?  is  the  bearing  of  D 
from  C  =  S,  70?56^  W.,  or  W.  by  S,  J  S.  nearly*— And;  to  the  angle 
A  D  C  s=  64?4'2r  add  the  bearing  from  A  to  D  9=  4  points,  or  45  de- 
grees, and  the  sum  =  109?4C2r  being  taken  from  180?  gives  70?55:58? 
=  the  bearing  of  C  from  D  s  N.  70?56:  £.  or  E.  by  N.  i  N«  nearly. 

Ejfample  4. 

Being  desirous  of  ascertaining  the  exact  position  of  a  head-land,  widi 
respect  to  latitude  and  longitude,  it  was  carefully  set,  by  an  azimuth  eauh^: 
pass,  and  found  to  bear  N.  b.  E.,  and  after  sailing  N.W.  b.  W.  i  2  mflct, 
it  was  again  set,  and  observed  to  bear  E.  b.  N.  ^  N.,  due  allowance  Imag 
made  for  the  variation  of  the  compass.  Now,  the  correct  latitude  of  the 
ship  at  the  last  place  of  observation  was  21?50'2K  N.,  and  the  longitude 
85?9^6T  W. ;  required  the  latitude  and  longitude  of  the  said  head-land  ?* 

Solutum. — In  the  oblique  angled 
triangle  ABC,  where  the  side  AC 
represents  the  first  bearing  of  the 
head-land,  the  side  B  C  the  second 
bearing,  and  the  side  A  B  the  dis- 
tance sailed ;  given  the  three  angles 
and  the  side  A  B  =  12  miles,  to  find 
the  side  B  C  =  the  ship's  distance 
from  the  headland  at  the  second  sta- 
tion. Thus,  the  difference  between 
N.  b.  E.,  and  N.W.  b.  W.,  is  6  points 
s  the  angle  CAB,  measured  by  the 
arc  a  d ;  the  difference  between  N. 

W.  b.  W.,  and  E.  b.  S.  |  S.,  the  opposite  point  to  E.  b.  N.  i  N.,  is  4i 
points  =  the  angle  ABC,  measured  by  the  arc  de,  and  the  difference 
between  E.  b.  N.  ^  N.,  and  N.  b.  E.,  is  5^  points  =  the  angle  A  C  B, 
measured  by  the  arc  a  b.  Hence,  by  oblique  angled  trigonometry.  Pro- 
blem I.,  page  107,  to  find  the  side  BC  =  the  ship's  distance  from  the 
head-land  at  the  second  station. 


K 


As  the  angle  ACB  = 
Is  to  the  side  AB  =: 
So  is  the  angle  C  A  B  =: 


5i  points.  Log.  co-secant  = 
12  miles.     Log;  =     .     .     . 
6  points,     Log.  sine    =: 


To  the  side  BC  =     12. 57 miles,  Log.  =: 


10.054570 
1.079181 
9.965615 

1.099366 
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Henee^  the  distance  of  the  ship  from  the  head-land  at  the  second  station 
is  12^  miles^  nearly. 

To  find  the  Difference  of  X«ialitude  and  Difference  of  Longitude  Ibetween 
the  Shipb  Place  at  B,  and  the  Head-Land  C  :— • 

In  the  right  angled  triangle  BCD,  given  (he  angle  C,  6}  points  =  the 
bearing  of  B  fironi  Q  and  the  distance  BC  =  12.57  miles,  to  find  the 
difference  of  latitude  CD,  and  the  difference  of  longitude  BDj  therefore^ 
by  Mercator's  Sailing,  Problem  IL,  page  239, 

As  radius  =:  90?0<  Log.  secant  =  '.  •  10. 000000 
b  to  distance  B  C  =:  12. 57  miles.  Log.  =  1.099366 
So  is  the  course Cc=6i  points,  Log.  co-sine=:9. 462824 

To  the  diff.  of  lat.  CD=3. 65  miles,  Log.=  6. 562190 

As  radius  =  90?0'  Log  co<«Bcaht  =  •  •  MKOOOOOO 
Is  to  mer.  diff.  of  lat.  =  3. 9 'miles.  Log.  =:  0. 591065 
So  is  the  course  C  =  6|  pointfli,  Log.  tangent^  10. 518061 

To  the  diff.  of  long.  =  12. 85  mlle^  Log.  =       1. 109126 


■^. 


Lat.ofship=21?50;2irN.  M.pts=1343.3    Lon.ofshipsSS?  9'  6?W. 
Diff.  lat.  3. 65,  or 3 ^39rN.  Diff.lon.l2.85/>rI2.5I  E. 

Lat.of1id.rd,2l?54^  OrN.  M.pts=1347.2    Lon.of hd.Id.84?56f  15rW. 

Meridional  difference  of  latitude  =    3.9  miles. 


Hence,  the  latitude  of  the  head-land  is  21?54^0r  N.,  and  its  longitude 
84?56^  15f  W. 


Note. — ^The  foregoing  examples  contcun  all  the  cases  in  oblique  sailing 
that  are  of  any  immediate  import  to  the  mariner.  Other  examples,  indeed^ 
migh(  be  given ;  but  since  they  would  rather  tend  to  the  exercise  of  the 
mind  on  trigonometrical  subjects,  than  to  any  useful  nautical  purpose,  they 
have  therefore  been  intentionally  omitted. 

The  two  last  examples  will  be  found  particularly  useful  in  maritime  sur- 
▼eying,  when  the  operations  are  conducted  on  board  of  a  ship  or  vessel. 
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SOLUTION  OF  CASES  IN  WINDWARD  SAILING. 

Windward  Sailing  is  the  method  of  reaching  the  port  or  place  bound  to 
by  the  shortest  route^  when  the  wind  is  in  a  direction  contrary  to  the  direct 
course  between  the  ship  and  the  place  to  which  she  is  bound. 

When  the  wind  is  opposed  to  the  course  which  a  ship  should  steer  from 
any  one  port  to  another,  she  is  obliged  to  sail  upon  different  tacks,  close- 
hauled  to  the  wind,  in  order  to  reach  the  port  bound  to.  The  object 
therefore,  of  this  method  of  sailing,  is  to  find  the  proper  course  to  be 
conned  on  each  tack,  so  that  the  ship  may  arrive  at  the  place  to  which 
she  is  bound,  in  the  shortest  time  possible. 

Example  I* 

A  ship  that  can  lie  within  6  points  of  the  wind  is  bound  to  a  port  50 
miles  directly  to  windward,  which  it  is  intended  she  shall  reach  on  two 
tacks ;  the  first  being  on  the  starboard  tack,  and  the  wind  steady  at  N.  !>•£•; 
'  required  the  course  and  distance  to  be  run  upon  each  tack  ? 

Solution. — Since  the  ship  can 
lie  within  six  points  of  the  wind, 
which  is  at  N*  b.  E.,  the  course  on 
the  starboard  tack  will  be  N.W. 
b.  W.,  and  that  on  the  larboard 
tack  E.  b.  N.  Now,  in  the  annexed 
I,  let  the  side  A  C  represent 


the  course  and  distance  between  ^Vr 

\. • 

the  ship  and  her  intended  port;  i\     "x.  / 

A  B  the  course  and  distance  to  be  /  \ 

made  good  on  the  starboard  tack;  ""$" 

and  B  C  the  course  and  distance  to 

be  made  good  on  the  larboard  tack.  Then,  in  the  triaugle  ABC,  the 
three  angles  are  given  to  find  the  side  A  B  or  B  C,  which  sides  are  muta* 
ally  equal  to  each  other,  because  the  triangle  is  isosceles,  and  its  vertex  at 
B  =:  die  angle  comprehended  between  those  sides.  Thus,  the  difference 
between  N.  b.  E.,  and  N.W.  b.  W.,  is  6  points  =:  tlie  angle  B  A6,  men* 
sured  by  the  arc  a&;  the  difference  between  E.  b.  N.,  and  S.E.  b.  E.  (the 
opposite  point  to  N.W.  b.  W.),  is  4  points,  measured  by  the  arc  d  e ;  and 
the  difference  between  N.  b.  E.,  and  E.  b.  N.,  is  6  points,  measured  by  the 
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are  id  I  and  siaca  At'difttatioe  ACUgtten  sSOnila^  the  yUnAB^ar 
ita  equal  B  C,*  may  be  readily  delenpitied  by  oblique  angled 
PK>biein  I^  page  177 ;  as  thaa  s«— 


»  }  t     (  1  M  '  ^,  ■* 


Am  th*  angle  8  =  4  point*,  Loig.  co-«ecMit 
IitoUw^lMttticeAC  s  50  aules,  liog. 
.So  ia  the  aogle  C  s  6pointi»  Log.  une  =s 


10. 150515 
1 . 696970 
9.965615 


'  To  the  distance  AB  s  65.83  mile».  Log.  s:       1. 815100 

Hence,  it  is  evident  that  the  ship  must  run  65.33  miles  on  Uie  starboard 
tack^  and  65. 33  miles  on  the  larboard  tack|  before  she  can  reach  her 
intended  port. 

Example  % 

A  ship  that  can  lie  within  6  points  of  the  wind  is  bound  tq  a  pott  be«ria|;'' 
N.Bi  b.  N.,  distance  90  miles/ which  it  is  intended  she  sbali  reach  on  thrae 
tacks,  with*  the  wind  steady  at  north  j  required  the  course  and  distanoe  to 
be  lanupon  each  tack,  the  first  course  being  on  the  larbote^  tadL  ? 

Solttliono— Since  the  wind  is 
at  HiNrth,  and  that  the  sirip  can 
lie  within  6  points  thereof,  the 
course  on  the  larboard  tack  will  be 
KN  Ji,,  and  that  on  the  starbosUrd 
tack  W JI;  W. 

In  the  annexed  diagram,  let  the 
NJE,  b.  N,  line  A  B  =r  90  miles, 
represent  the  bearing  and  distance 
between  the  ship  and  her  intended 
port;  let  the  B.N£.  line  AD  re- 
present the  first  board  on  the  lar- 
board tack,  and,  parallel  thereto, 

the  line  B  C  =  the  second  board  on  that  tack*  And^  since  the  ship  is  to 
make  her  port  in  three  tacks,  it  is  evident  that  the  board  on  the  starboard 
tack,  represented  by  the  W.N.W.  line  CD  (parallel  to  dg),  must  bisect 
the  line  A  B  in  the  point  F ;  and  that,  therefore,  A  F  and  FB  are  equal  to 
one  another,  each  being  equal  to  45  miles  =  half  the  line,  or  distance  AB. 

Now^  since  the  straight  line  A  B  falls  upon  the  two  parallel  straight  lines 
CB  and  AD,  it  makes  the  alternate  an|^  equal  to  one  another;  there- 


.9. 


*  Since  the  wagiti  A  and  C  are  equal  to  one  another,  the  rides  which  inhtend,  or  are 
opposite  to  those  sB|(lcs  (viz.,  BC  and  AB),  srsaiMequsltooosaaother^«-£iicUd,3ook 
la,  Profi*  o* 
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fore  the  aogle  A  B  C  is  equal  to  the  angle  BAD.— Eaclid,  Book  I.,  Propi29. 

And  because  the  straight  line  C  D  falls  upon  the  two  parallel  straight  lines 
CB  and  AD,  it  makes  the  angle  AD  B  equal  to  the  angle  BCD,  by  the 
aforesaid  proposition.  And  because  the  two  triangles  A  D  F  and  B  C  F 
have,  thus,  two  angles  of  the  one  equal  to  two  angles  of  the  other,  viz.,  the 
angle  F  A  D  to  the  angle  FB  C,  and  the  angle  AD  F  to  the  angle  B  CF; 
and  the  side  A  F  of  the  one  equal  to  the  side  B  F  of  the  other :  therefore  the 
remaining  sides  A  D  and  D  F  of  the  one  are  equal  to  the  remaining  sides 
B  C  and  C  F  of  the  other,  each  to  each ;  and  the  third  angle  A  FD  of  the 
one  equal  to  the  third  angle  B  F  C  of  the  other. — Euclid,  Book  I.,  Prop.  26. 
Now,  since  the  two  triangles  A  F  D  and  B  F  C  are,  thus,  evidently  equal  to 
one  another,  we  have  only  to  compute  the  unknown  sides  of  one,  vis.,  of 
the  triangle  AFD,  where  the  three  angles  are  given,  and  the  side  A  F,  to 
find  the  sides  AD  and  FD;  thus,  the  difference  between  N.E. b.N.  and 
E.N.E.,  is  3  points  z=  the  angle  FA  D,  measured  by  the  arc  ab;  the  diflfer- 
ence  between  E.N.E,  and  E.S  JS.  (the  opposite  point  to  W.N.W.),  is  4 
points  =  the  angle  ADF,  measured  by  the  ^rc  bg ;  and  the  diflerence 
between  W.N.W.  and  N.E.  b.  N.,  is  9  pointe  =  the  angle  AFD,  measured 
by  the  arc  a  d :  hence,  by  oblique  angled  trigonometry,  Problem  J., 
page  177, 

To  find  the  Side  A  D  :— 

As  the  angle  D  =  4  points.  Log.  co-secant  =  10.  1505 15 . 
Is  to  the  side  AF  =  45  miles,  Log.  =  .  1. 653213 
So  is  the  angle  F  =  9  points,       Log.  sine  =  9.991574 

To  the  side  AD  =  62.42  miles.        Log.  =   1.795302 

To  find  the  Side  F  D  :— 

As  the  angle  D  =  4  points.       Log.  co-secant  =     10. 150515    * 
Is  to  the  side  A  F  =  45  miles,    Log.    =     .     .    .       1 .  653213 
So  is  the  angle  A  =  3  points,     Log.  sine    =       .       9.  744739 

To  the  side  F  D  =      35 .  35  miles.  Log.  =      .    .       1 .  548467 


Side  DC  =  .    .    •    70. 70  miles. 

Hence  it  is  evident  that  the  ship  must  first  run  62. 42  miles  on  the  lar- 
board tack ;  then  70. 70  miles  on  the  starboard  tack ;  and,  again,  62. 42 
miles  on  the  larboard  tack,  before  she  can  reach  her  intended  port. 

ExampU  3, 
A  ship  that  can  lie  within  6  points  of  the  wind  is  bound  to  a  p6rt  bear- 
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ing  N.N,W.,  distance  120  miles,  which  it  is  intended  she  shdl  make  on 
four  tacks,  with  the  wind  at  N.  b.  W,  The  coast,  which  is  to  the  cast- 
ward,  trends  in  a  direction  nearly  parallel  to  the  bearing  of  the  port,  so 
that  the  ship  must  go  about  as  soon  as  she  reaches  the  Straight  line  joining 
the  two  ports ;  required  the  course  and  distance  to  be  run  upon  each  tacl^ 
on  the  supposition  that  the  ship's  progress  is  not  affected  by  either  leeway 
or  currents  ? . 


4Sb{utio9i.-^Since  the  wind  is 
N.  b.  W.,  and  the  land  trends  in  a 
N.N.W.  direction,  the  first  board, 
therefore,  must  be  on  the  starboard 
tack;  and,  as  the  ship  can  lie  ^ 
within  6  points  of  the  wind,  the 
course  on  the  starboard  tacks  will 
be  W.  b.  N.,  and  that  on  the  lar- 
board  tacks  N.E.  b.  E. 

In  thie  annexed  diagram,  let  the 
N.N,W.  line  AB,  120  miles,  re- 
present  the  bearing  and  distance 
between  the  ship  and  the  port  to 
which  she  is  bound ;  let  the  W.  b.N, 
line  A  D  represent  the  first  board 

on  the  starboard  tack,  and  F  C,  parallel  to  A  D,  the  second  board  cm  that 
tack  ;  let  the  N.B.  b.E.  line  D  F  represent  the  first  board  on  the  larboard 
tack,  and,  parallel  thereto,  the  line  C  B  =  the  second  board  on  this  tack* 
And,  since  the  ship  is  to  make  her  port  in  four  tacks,  without  going  to  the 
eastward  of  the  line  A  B,  therefore,  at  the  end  of  the  second  tack,  she 
must  reach  the  point  F,  which  bisects  or  divides  the  distance  A  B  into  two 
equal  parts,  of  60  miles  each ;  thus  making  A  F  =  to  A  B, 

Now,  because  the  straight  line  A  B  falls  upon  the  two  parallel  straight 
lines  A  D  and  F  C,  it  makes  the  angle  B  F  C  equal  to  the  interior  and 
opposite  angle  FAD:  and,  because  the  straight  line  A  B  falls  upon  the 
two  parallel  straight  lines  FD  and  CB,  it  makes  the  angle  A  FD  equal 
to  the  interior  and  opposite  angle  C  B  F, — ^Euclid,  Book  I.,  Prop.  29.  And, 
since  the  two  triangles  A  F  D  and  F  B  C  have,  thus,  two  angles  of  the  one 
equal  to  two  angles  of  the  other,  viz.,  the  angle  A  F  D  to  the  angle  F  B  C, 
and  the  angle  F  A  D  to  the  angle  B  F  C,  and  the  side  A  F  of  the  one  equal 
to  the  side  F  B  of  the  other,-7therefore  the  remaining  sides  *A  D  and  D  F 
of  the  one,  are  equal  to  the  remaining  sides  FC  and  CB  of  the  other,  each 
to  each  ;  and  the  third  angle  A  D  F  of  the  one  equal  to  the  third  angle 
F  C  B  of  the  other.— Euclid,  Book  I.,  Prop,  26. 

The  two  triangles  A  D  F  and  F  C  B,  being,  thus,  clearly  equal  to  one 
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aBoCli«r  in  every  respect,  we  have  only  to  compute  the  rniknowti  sidet  ti 
im^  m.y  of  the  triangle  A  FD,  where  the  three  angle?  are  given,  and  the 
aide  A  F  s  60  miles,  to  find  the  sides  A  D  and  D  P ;  thus  the  difference 
between  N.N.W.  and  W-b.  N.,  is  5  points  s  the  angle  FAD^  measured 
by  the  arc  a  6 ;  the  difference  between  W.  b.  N.  and  S.W.  b.  W.  (the 
opposite  point  to  N.ELb.E.),  is  4  points  a  the  angle  A  D  P,*  measured  by 
the  arc  a  e ;  and  the  difference  between  N.N.W.  and  N.E.  b.  K,  is  7  points 
=:  the  angle  A  F  D,  measured  by  the  arc  b  d. 
Hence,  by  oblique  angled  trigonometry,  Problem  L,  page  177, 

To  find  the  Side  AD=  PC:— 

As  the  angle  D  =  4  points,  Log.  co-secant  ==  10. 150515 
Is  to  the  side  A  F  =  60  miles,  Log-  =  .  .  .  1. 77815! 
So  is  the  angle  F  =  7  points.  Log.  sine  =      •     9. 991574 


To  the  side  AD  =  83.  22  miles,  Log.  =    .     .     1. 920240 

To  find  the  Side  D  F  =  CB:— 

As  the  angle  D  =  4  points.  Log.  co-secant  =  10. 150515 
Is  to  the  side  A  F  =  60  miles.  Log.  =  .  .  .  1, 778151 
So  is  the  angle  A  =  5  points,  Log.  sine  =      .9. 919846 

TothesideDFs:  70. 55  miles, Log.  =:      .         1.848512 

• 

From  this  it  is  manifest,  that  the  ship  must  first  run  83. 22  miles  upon 
the  starboard  tack ;  then  70. 55miles upon  the  larboard  tack ;  then  83. 22 
miles  again  upon  the  starboard  tack ;  and  70. 55  miles  upon  the  larboard 
tack,  before  she  can  reach  the  port  to  which  she  is  bound. 


SOLUTION  OF  CASES  IN  CURRENT  SAILING. 

Current  Sailing  is  the  method  of  determining  the  true  course  and  distance 
made  good  by  a  ship,  when  her  own  motion  is  affected  or  comUned  with 
that  of  the  current  in  which  she  sails. 

A  current  is  a  progressive  motion  of  the  water,  causing  all  floating 
bodies  thereon  to  move  in  the  direction  to  which  its  stream  is  impelled. 
The  setting  of  a  current  is  that  point  of  the  compass  towards  which  the 
water  runs ;  and  the  drift  of  a  current  is  the  rate  at  which  it  runs  per  hour. 

When  a  shij^  sails  in  the  direction  of  a  current,  her  velocity  will  be  equal 


to  the  sum  of  her  own  proper  motion  and  the  current's  drift ;  but  when 
she  sails  directly  against  a  current,  her  velocity  will  be  expressed  by  tfw 
diflfevenot  between  her  own  proper  motion  and  Che  drift  of  die  CHntnt :  in 
this  case,  the  ^olute  motion  of  a  ship  will  be  a-hcttd^  if  her  proper  velo- 
city exceeds  the  drift  of  the  current ;  but  if  it  be  less,  she  will  maktt.itern- 
way.  When  a  ship's  course  is  oblique  to  the  direction  of  a  current^  het 
true  oourse  and  distance  will  be  compounded  of  the  course  and  distnce 
given  by  the  log,  and  of  the  observed  setting  and  drift  of  the  current. 

When. a  ship's  course  and  distance  by  the  log,  and  the  settfaig  and  drift 
of  the  current  in  which  she  saib  are  given,  the  true  course  and  distance 
made  good  may  be  found  by  a  trigonometrical  solution  of  the  triangles 
forming  the  figure  $  but  the  easiest  and  most  expeditious  method  of  finding 
the  course  and  distance  made  good,  particularly  when  a  ship  saib  upon 
different  courses,  is  by  resolving  a '  traverse,  in  which  the  setting  and  drift 
of  the  current  are  to  be  esteemed  as  ah  additional  course  and  distance  to 
those  esduUted  by  the  log. 

Example  1. 

If  a  ship  sails  S.W.  b.  W.,  at  the  rale  of  4  knots  an  hour,  in  a  current 
setting  SJSJB.  |  E.,  at  the  rate  of  I|  miles  an  hour ;  required  the  course 
ini  tttanoa  made  good  in  24  hours  ? 


Strfiaiofi.— 4?  X  24?  =:  96  miles,  the  dUtanea  tailed,  by  kg,  in  U 

And  U?   X  24  =  42  miles,  the  observed  drift  of  the  tomaaX  In  84 
hours. 

In  Ae  annexed  diagram,  let  the  fr 

aide  A B  of  the   triangle  ABC  ^'^t"*^-. 

represent  the  course  and  distance  /  \   ;     -*X^ 

sailed  by  Ae  log,  and  the  side  B  C  /         ^ir^    W 

parallel  to  d  6  the  setting  and  drift  \Vi-..^..^»^..     ^^ 

of  the  current ;  then,  the  side  A  C 
urill  represent  the  course  and  dis- 
tance made  good  in  the  given  time« 
Now,  in  the  triangle  A  B  Q  given 
the  ude  A  B  ^  96  miles,  the  side 
B  C  =s  42  miles,  and  the  included 
aiigle  B  SI  8i  points,  being  the 

difference  between  S.S  JL  i  E.  and  N.E.  b.  K  (the  opposite  point  to 
S^W.b.  W.),  measured  by  the  arc  aft,  to  find  the  angles  A  and  C,  and  lihe 
tme  distance  A  C*    Hence,  by  oblique  angled  trigonometry.  Problem  in*^ 
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To  find  the  Angles  A  and  C  :— 

As  AB  +  BC  =  138  miles,  Log.  ar.  comp.  =  7^860121 
Is  to  AB  -  B  C=  54  miles,  Log.  =  .  .  .  1. 7S2894 
So  is  i  sum  of  the  angle8=43?35:37i^  Log.  tangent=9. 978673 

To  \  diff.  of  the  angles  =  20. 25 .  59     Log.  Ungent=9. 57  H 88 

Angle  C  =     .    .    •     .    64<?  i:36ir 
Angle  A  =     ....    23?  9f38ir 


To  find  the  true  Distance  =  A  C  :— 

As  the  angle  C  =  64?1'36J^    Log.  co-secant  = 
Is  to  the  side  A  B  =  96  miles^    Log.  =   .     . 
So  is  the  angle  B  =  8}  points.   Log.  sine  = 


•  • 


10.046241 
1.982271 
9. 999477 


To  the  true  distance  =  AC  =  106. 7  miles.  Log.  =  2.027989 

To  find  the  Course  made  good  :— 

From  the  angle  S  AB  =  S.W.  b.  W.,  or  56?  15:,  subtract  the  angte 
C  AB  =  23?9:38jr,and  the  remainder,  33?5:21ir  =  the  angle  SAC, 
is  the  course  made  good. 

Hence  the  course  made  good  is  S.  33?5C  W.,  or  S.W.  b.  S.  nearly,  and 
the  distance  106|  miles  nearly. 


To  find  the  Course  and  Distance  made  good  by  the  Traverse  Table :— 


Traverse  Table. 

t 

Corrected 
Courses. 

OB 

. 

96 
42 

Difference  of  Latitude. 

Departure. 

N. 

s. 

E. 

W. 

S.W.b.W. 

Current 
S.S.RiE 

• 

^_^ 

53.3 
36.0 

21.6 

79.8 

• 

Diff.  lat.  = 

89.3 

21.6 
Depart.  = 

79.8 
21.6 

58.2 

>]S 
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Now,  by  Problem  IT.,  page  108, 

The  difference  of  latitude  89.  S,  and  the  departure  58. 2,  are  found  to 
agree  nearest  abreast  of  33?^  under  or  over  distance  107« 

Hence  the  course  made  good  is  S.  83?  W.,  or  S.W.  b.  S.,  and  the  dis« 
tance  107  miles ;  which  nearly  agrees  with  the  above  result. 

Example  2. 

Suppose  a  ship  suls  N.W.  65  miles,  WJJ.W.  70  mUes,  and  N.  b,E.  71 
miles,  in  a  current  that  sets  S.E.  b.  S.  36  miles  in  the  same  time ;  required 
the  true  course  and  distam^e  made  good  ? 


1 

Traykrsb  Tablb 

• 

Corrected 
CouTses. 

Distance,    g 

Difference  of  Latitude. 

• 

Departure. 

N. 

S. 

E. 

W. 

N.W. 

46.0 

• 

— 

46.0 

WJN.W. 

70 

26.8 

— 

— • 

64.7 

N.b.E. 

71 

69.6 

— 

13.9 

ft 

— 

Corrent  - 
S  JL  b.  S. 

• 

36 

— 

29.9 

20.0 

ft 

142. 4 

29.9 

33.9 

110.7 

■ 

29.9 

■ 
* 

33.9 

112.5 

76.8 

•   . 


p. 


SoZution.— ^With  the  difference  of  latitude  and  departure,  thus  found,  the 
course  and  distance  made  good  may  be  determined  by  Problem  II.,  page 
108 ;  as  thus  : 

The  difference  of  latitude  1 12. 5,  and  the  departure  76. 8,  are  found  to 
agree  nearest  abreast  of  34?  under  or  over  136. 

Hence  the  direct  course  made  good  is  N.  34?  W.,  or  N.W.  b.  N.  nearly, 
and  the  distance  136  miles. 

To  find  the  Course  and  Distance  made  good  by  Calculation  :— 

Hiis  maybe  done  by  means  of  the  5th  analogy,  page  237}  as  thus: 

To  find  the  true  Course :— 


'< 
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As  the  diff.  of  lat.  ; 
l8  to  radius  ^  •  . 
So  is  the  departure 


112.5  Log.  ar.  comp. 
9090 C  Log.  sine  =»  . 
76. 8    Log.  =     .    . 


7. 948848 

10.000000 

1.885361 


To^  the  true  course  =  34  ?  1 9  H  2  r Log.  tangeut    =      9. 834209 


To  find  the  true  Distance  :— 

As  radius  =  •  .  .  90?0C  Log.  co-secant  = 
Is  to  difF.  of  lat.  =  •  112.5  Log.  =  .  .  • 
Soisthetruecourse=:34?19'.12^Log.  secant  =  . 


10.000000 

2.051152 

10.083072 


To  the  distance  =   136. 2  miles.  Log.  =    ,    .     .      2. 134224 

Hence  the  course  made  good  is  N.  34?19'  W.,  or  N.W.  b.  N.  nearly^ 
and  the  distance  136  miles. 

Example  3. 

There  is  a  harbour  2  miles  broad,  in  which  the  tide  is  running  N«W.  b.  N. 
at  the  Tate  of  3  miles  an  hour.  Now,  a  waterman  who  can  poll  his  boat 
at  the  rate  of  5  miles  an  hour,  wishes  to  cross  the  harbour  to  a  point  on 
the  opposite  side  bearing  E.N .E.;  required  the  direction  in  which  he  should 
pull,  so  as  to  meet  with  the  least  possible  resistance  from  the  force  of  the 
tide  in  gaining  the  intended  point,  and  the  time  that  it  will  take  him  to 
reaph  that  point  ? 

Solu^fon.— Since  the  principles 
of  this  Problem  are  but  little  un- 
derstood by  the  generality  of  young 
navigators,  a  brief  account  of  the 
geometrical  construction  will  be 
given,  with  the  view  of  elucidating 
and  rendering  familiar  the  nature 
of  the  corresponding  calculations. 
Tljus, 

With  the  chord  of  60?  describe  the  arch  N  E  S  W ;  draw  the  north  and 
south  line  N  S,  and,  at  right  angles  thereto,  the  east  and  west  line  W  E; 
make  the  arc  N  a  =  3  points,  and  draw  the  N.W.b.  N.  line  A  a  D,  which 
make  equal  to  3  miles  (taken  from  any  scale  of  equal  parts),  to  represent 
the  direction  of  the  harbour ;  perpendicular  thereto  draw  the  N.E.  b.  E.  line 
A  i  C,  which  make  equal  to  2  miles,  to  represent  the  breadth  of  the  har- 
bour ;  and,  from  the  point  C,  draw  the  line  C  G  parallel  to  A  D,  which  lines 
will  represent  the  eastern  and  western  shores  of  the  harbour  respectively. 
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Make  N  c  equal  to  6  points,  and  draw  the  E.N.&  line  A  e  F,  cutting  C  G 
in  B ;  then  will  B  represent  the  point  to  ^ieh  the  watennan  intends  to 
cross.  Take  5  miles  in  the  compasses ;  place  one  foot  on  the  point  D ;  and 
where  the  other  falls  upon  the  E.N  JS.  line  A  P,  there  make  a  point,  as  at  F, 
and  draw  the  line  D  F;  parallel  to  which,  draw  the  line  A  O,  and  it  will 
represent  the  distance  and  direction  in  which  the  waterman  must  pull  to 
gain  the  point  B :  for  in  the  time  that  he  would  reach  the  point  G,  by  pull- 
ing at  the  rate  of  5  miles  an  hour,  the  tide,  running  at  the  rate  of  S  miles 
an  hour,  would  carry  him  .to  the  point  B ;  because  B  Q  bears*  the  same  pro- 
portion  to  3  miles  an  hour  that  A  G  does  to  5.  Now,  A  G,  being  .applied 
to  the  same  scale  of  equal  parts  from  which  the  other  udes  were  taken, 
will  measure  2. 95  miles,  and  the  angle  GAS,  or  eA]^  being  applied  to 
the  line  of  chords,  will  measure  13?3S^ ;  hence  the  directioii  in  which  ha 
should  pull,  is  £.  13 ?33 :  S,  or  E.  b.  S, }  S.  nearly. 

Now,  in  the  triangle  A  D  F,  given  the  side  A  D  r=  9  miles,  the  side  D  F 
==  5  miles,  and  the  angle  D  A  F  =:  9  points  (being  the  difiemice  betweeo 
E.N  JEL  tfnd  N.W.  b.  N.,  measured  by  the  arc  a  c),  to  find  the  angle  A  F  D. 
Hence,  by  oblique  angled  trigonometry.  Problem  L,  page  177, 


As  the  side  DF=:  5  miles.  Log.  ar.  comp.  =:  9.301030 
Is  to  the^igle  A  =:  9  points.  Log.  sine  =:  •  9. 991574 
So  is  the%de  AD  =  3  miles.  Log.  =    r    •    •    0. 477121 

To  the  angle  A  FD  =:  36^2^55?  Log.  =    •    9.769725 


Now,  because  the  straight  line  A  F  falls  upon  the  two  parallel  straight 
lines  D  F  and  AG,  it  makes  the  alternate  angles'  equal  to  one  another  ; 
therefore  the  angle  DFA  is  equal  to  the  angle  FAG,— EacHd,  Book  I., 
Prop.  29;  but  the  angle  DFA  is  known  to  be  36?2'55r;  therefoie  the 
angle  FAG,  measured  by  the  arc  c  e,  is  also  equal  to  36?2l55T ;  and  if  to 
the  angle  F  A  G  we  add  the  angle  BAC  =:  1)915  C  (bebg  the  difference 
betweoi  NJB.  b.  £.  and  E.N JS.,  measured  by  the  arc  6  c),  the  sum  =; 
47?I7*55?  is  the  angle  C  AG,  measured  by  the  arc  be.    Then, 

In  the  right  angled  triangle  A  C  G,  given  the  angle  C  A  G  =  47?  17  -55^ 
and  the  side  A  C  =  2  miles,  the  breadth  of  the  harbour,  to  find  the  side 
A  G  equal  to  the  distance  which  the  waterman  must  pull  before  he  can 
reach  the  point  B.  Hence,  by  right  am^ed  trigonometry.  Problem  11.^ 
page  172,  making  A  C  radius, 

•  • 

As  radius  =  .  •  90?0'  Log.  co-secant  =  10. 000000 
Is  to  the  side  A  C  =  2  miles.  Log.  r=  ...  0. 301030 
So  is  the  angleCAG=47?17'55rLog.secant=10. 168657 

To  the  diitanets:  AG  s  2.949 n^ea,  Log,  s  0.409687 
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To  find  the  Time  requisite  to  reach  the  Point  B  :— 

As  distance  5  miles,  Log.  ar.  comp.  =  9.S01Q30 
Is  to  1  hour,  or  60  minutes,  Log.  =  .  1. 778151 
So  is  AG  =  2. 949  miles,  Log.  =       .    .    0.469687 

Tothetime=35r23\34=35-.389    Log.^1. 548868 

To  find  the  Direction  in  which  he  should  pull  or  steer : — 

From  the  angle  6Ae  =  47?  17 -'55^,  take  away  the  angle  6AE  = 
33?45f,  and  the  remaining  angle  ^  A  6  =  13?32f55^  is  the  direct  course 
which  he  shoulc(  steer  j  viz.,  E.  13?33 '  S.,  or  E.  b.  S.  J  S.  nearly. 

Hence  it  is  evident,  that  if  the  waterman  pulls  in  the  direction  of  E. 
13^33^  S.  or  E.  b.  S.  ^  S.  nearly,  he  will  reach  the  intended  point  in  the 
space  of  about  35  minutes  and  23  seconds. 


SOLUTION  OF  PROBLEMS  RELATIVE  TO  THU  ERRORS  OF 
THE  LOG- LINE  AND  THE  HALF -MINUTE  GLASS,  BY 
LOGARITHMS. 

The  instruments  generally  employed  at  sea,  for  finding  the  distance  run 
by  a  ship  in  a  given  time,  are  the  log-line  and  the  half-minute  glass.  Now, 
since  a  ship's  reckoning  is  kept  in  nautical  miles,  of  which  60  make  a 
degree,  the  distance  between  any  two  adjacent  knots  on  the  log-line  should 
bear  the  same  proportion  to  a  nautical  mile  that  half  a  minute  does  to  an 
hour ;  viz.,  the  one  hundred  and  twentieth  part.  And,  since  a  nautical 
mile  contains  6080  feet,  the  true  length  of  a  knot  is  equal  to  6080  divided 
by  120;  that  is,  50  feet  and  8  inches  :  but,  because  it  is  advisable  at  all 
times  to  have  the  reckoning  a-head  of  the  ship,  so  that  the  mariner  may 
be  looking  out  for  the  land  in  sufficient  time,  instead  of  his  making  it 
unexpectedly,  or  in  an  unprepared  moment,  48  feet,  therefore,  is  the  cus- 
tomary measure  allowed  to  a  knot.  And,  to  make  up  for  any  time  that 
may  be  unavoidably  lost,  in  turning  the  half-minute  glass,  its  absolute 
measure  should  not  exceed  twenfy^nine  seconds  and  a  half. 

The  method  of  finding  the  hourly  rate  of  sailing,  or  distance  run'in  a 
given  time  by  the  log-line  and  the  half-minute  glass,  is  subject  to 
many  errors  :  thus,  a  new  log-line,  though  divided  with  the  utmost  care 
and  attention^   is  generally  found  to  contract  after  being   first  used ; 
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and,  after  some  wear,  it  stretches  so  very  considerably  as  to  be  out  of  due 
proportion  to  the  measure  of  the  half-minute  glass.  Nor  is  the  half- 
minute  glass  itself  free  from  error :  for  this  instrument  is  so  very  liable  to 
be  affected  by  various  changes  of  weather,  from  moist  to  dry,  and  con- 
versely, that  notwithstanding  its  being  perfectly  correct  when  first  taken  on 
board,  yet  it  alters  so  sensibly  at  sea,  that  at  one  time  it  will  run  out  in 
the  short  space  of  26  or  27  seconds,  and  at  another  not  till  it  has  passed 
the  half-minute  by  several  seconds.  Hence  it  becomes  indispensably 
necessary  to  examine  those  instruments  frequently;  and,  if  found  erro- 
neous, to  correct  the  ship's  run  accordingly.  This  may  be  done  by  means 
of  the  following  rules,  which  are  adapted  to  a  log-line  of  48  feet  to  a 
knot,  and  to  a  glass  measuring  30  seconds. 

Problem  I. 

Given  the  Distance  sailed  by  the  Log,  and  the  Number  of  Seconds  run 
by  the  Glass;  to  find  the  true  Distance,  the  Line  being  truly  divided. 

Rule. 

To  the  arithmetical  complement  of  the  logarithm  of  the  number  of 
seconds  run  by  the  glass^  add  the  logarithm  of  the  distance  given  by  the  log, 
and  the  constant  logarithm  1 .  477121*^ ;  the  sum  of  these  three  logarithms, 
abating  10  in  the  index,  will  be  the  logarithm  of  the  true  distance  sailed. 

Example  1. 

Let  the  hourly  rate  of  sailing  be  1 1  knots,  and  the  time  measured  by 
the  glass  33  seconds ;  required  the  true  rate  of  {sailing  ? 

Seconds  run  by  the  glass  iz  33,  Log.  ar.  comp.  r=  8. 481486 
Rate  of  sailing,  by  log  =  11  knots.  Log.  =  .  1 .  041393 
Constant  log.  = 1.477121 

True  rate  of  sailing  =  1 0  knots.  Log.  =     .     .    .     1 .  OOOOOP 

Example  2. 

If  a  ship  sails  198  miles  by  the  log,  and  the  glass  is  found,  on  exam- 
ination, to  run  out  in  26  seconds,  required  the  true  distance  sailed  ? 

Seconds  run  by  the  glass  =  26,  Log.  ar.  comp.  =  8. 585027 
Distance  sailed  by  log  =  198  miles.  Log.  =  .  2.296665 
Constant  log.  = 1.477121 

True  distance  sailed  =  228. 46  miles.  Log.  =    .     2. 358813 


*  This  is  the  log^arithm  of  30  gecoods,  the  true  measure  of  the  half-mioute  gUsSi 

T 
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Problbm  II. 

(jUven  theDisttmce  rotted  by  the  Log^  and  the  metmared  Length  efu  KiMt 
to  find  the  trne  Dirtance,  iht  GUus  being  torfeeti 

Ruus. 

Tb  the  logarithm  of  the  distance  given  by  the  Idg^  add  the  logarilhm  of 
the  tne^ured  letigth'of  a  knot,  and  the  constant  logaHthm  8.81S769*} 
the  sum  of  these  three  logarithms,  rejecting  10  in  the  index,  will  M  flIS 
logarithm  of  the  true  distance  sailed. 

Example  1. 

Let  the  hourly  rate  of  sailing  be  9  knots,  by  a  log-line  which  ineiiiff^ 
53  feet  to  a  knot ;  required  the  true  rate  of  sailing  ? 

Hourly  rate  of  sailing  =  9  knot^^  Log.  r:  •  0. 95424S 
Measured  length  of  a  knot  =:  fiS  feet^  Log.  r:  •  L  724276 
Constant  log.  =        8.318759 

True  rate  of  sailing  ==  9. 937  knots.  Log.  =:  .    .    0. 997278 

Example  2. 

Let  the  distance  sailed  be  240  miles,  by  a  log-line  which  measiires  4S 
feet  to  a  knot  5  required  the  true  distance  sailed  ? 

Distance  sailed  by  log  =s        240  miles,  Log.  =2. 38021 1 
Measured  length  of  a  knot  s  43  feet,  Log^  =>=     1 .  633469 

Constant  log.  = 8.318759 

•  ■  ■  •  .  . . 

True  distance  sailed  =  215  miles.  Log.   =     .    2.8d24d9 

Problem  III. 

Given  the  measured  Length  of  a  Knot^  the  Number  of  Seconds  run  by  the 
Glass,  and  the  Distance  sailed  by  tlie  Log ;  to  find  the  true  JDistemce 
sailed. 

Rule. 

* 

To  the  arithmetical  complement  of  the  logarithm  of  the  number  of 
seconds  run  by  the  glass,  add  the  logarithm  of  the  measured  length  of  a 
knot,  the  logarithm  of  the  distance  sailed  by  the  log,  and  the  constant 

*  Tkis  is  the  ariihmetical  complement  of  the  logarithm  of  48,  the  genenlljr-apprtH^ 
length  of  A  knot. 
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logarithm  9. 795880*;  the  sum  of  these  four  logarithms,  rejecting  20  from 
the  index,  will  be  the  logarithm  of  the  true  distance  sailed. 

Eocample  1. 

Let  the  htimly  rate  of  sailing  be  1 2  knots, .  the  measured  length  of  a 
knot  44  feet,  and  the  time  noted  by  the  gla3s  25  seconds  |  required  the 
true  rate  of  sailing  ? 

Seconds  run  by  the  glass  =  25,  Log.  ar.  comp.=8. 602060 
Measured  length  of  a  knot =44  fe^  Log.  =  1. 643453 
Rate  of  saiHng  by  log  =  12  knots.  Log.  =  1. 079181 
Constant  log.  =    •    ir    .    •    4    .     i    »    &    i    9i  705890 

True  rate  of  sailing  =  13. 2  knots.  Log.  =     •     1. 120574 

Example  2. 

Let  the  distance  sailed  by  the  log  be  854  mtles^  thfe  nitesuM  l^bgth  of 
a  knot  52  feet,  and  the  interval  run  by  the  glass  34  seconds ;  required 
the  true  distance  sailed  ? 

Seconds  run  by  the  glass  =  34,  Log.  ar.  comp.ss  8.468521 
Measured  length  of  a  knot  =  62  t^t,  Log.  =:  0  lu^l 6O0S 
Distance  sailed  by  log  =  354  miles.  Log.  =  2. 549003 
Constant  log.  = 4    9.795860 

True  distance  =  338. 38  miles.  Log.  =      ...    2. 529407 


AJU 


Problem  IV. 

Given  the  Number  of  Seconds  run  by  any  Glass  whatever,  to  find  the 
corresponding  Length  of  a  Knot,  which  shall  be  truly  proportional  to 
the  Measure  of  that  Glass. 

Rule. 

To  the  logarithm  of  10  times  the  number  of  seconds  run  by  the  glassj 
add  the  constant  logarithm  9.204120,  and  the  sum,  abating  10  in  tfie 
index,  will  be  the  logarithm  of  the  proportional  length  of  a  knot,  in  feet, 
corresponding  to  the  given  glass. 


^■M^rfri-MtAi 


•  Tim  it  the  sum  of  the  two  preceding  constant  loparithmi ;  thus  1. 477421  +  8. 3I87MI 
>  9. 795860. 
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Example  I. 

Required  the  length  of  a  knot  corresponding  to  a  glass  that  runs  27 
seconds? 

Number  of  seconds  27  x  10  =  270  Log.  =    2.431364 
Constant  log.  = 9>  204120 

True  length  of  a  knot,  in  feet,  ^  43. 2  Lc«.=     1.635484 

Example  2. 

Required  the  length  of  a  knot  corresponding  to  a  glass  that  mns  34 
seconds? 

Number  of  seconds  34  x  10  =r  340    Log.  =    2. 531479 
Constant  log.  = 9' 20*^^0 

True  length  of  a  knot,  in  feet,  =  54. 4    Log.  =  1. 735599 


SOLUTION  OF  A  PROBLEM  IN  GREAT  CIRCLE  SAILING, 

Very  w^l  to  Ships  going  to  Van  JXemeiCs  lAind,  or  to  New  SouthfValee, 

by  the  way  of  the  Cape  of  Good  Hope. 

Great  Circle  Sailing  is  the  method  of  finding  the  successive  latitudes 
and  longitudes  which  a  ship  must  make ;  with  the  courses  that  she  must 
steer,  and  the  distances  to  be  run  upon  such  courses,  so  that  her  track  may 
be  nearly  in  the  arc  of  a  great  circle,  passing  through  the  place  sailed  from 
and  that  to  which  she  is  bound. 

The  angle  of  position  is  an  angle  which  a  great  circle,  passing  through 
two  places  on  the  sphere,  makes  with  the  meridian  of  one  of  them ;  and 
shows  the  true  position  of  each  place,  in  relation  to  the  intercepted  arc  of 
the  great  circle  and  the  respective  meridians  of  those  places. 

The  polar  angle  is  an  arc  of  the  equator  intercepted  between  the  meri- 
dians, or  circles  of  longitude,  of  two  given  places  on  the  sphere. 

On  the  sphere,  the  shortest  distance  between  two  places  is  expressed  by 
the  arc  of  a  great  circle  intercepted  between  those  places:  consequently 
the  spiral,  or  rhumb  line,  passing  through  two  places  on  the  sphere,  can 
never  represent  the  shortest  distance  between  those  places,  unless  such 
rhumb  line  coincides  with  the  arc  of  a  great  circle ;  and  this  can  never 
happen  but  when  the  places  are  situate  under  the  equator,  or  vnder  a 
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meridian.  Hence,  although  Mercator's  Sailing  resolves  correctly  all  the 
cases  incident  to  a  ship's  course  along  the  rhumb  line  passing  through  two 
places, — yet,  since  there  is  no  case  in  which  the  course  along  the  direct 
rhumb  line  indicates  the  shortest  distance  between  those  places,  except 
when  they  both  lie  under  the  same  meridian,  or  under  the  equator,  the 
distance^  therefore,  obtained  by  that  method  of  sailing,  must  always  exceed 
the  truth  (the  above-mentioned  positions  excepted)  5  and  the  nearer  the 
places  are  to  a  parallel  of  latitude,  and  the  farther  they  are  removed  from 
the  equator,  the  greater  will  be  the  error  in  distance. 

Now,  since  it  is  frequently  an  object  of  the  greatest  importance,  to  the 
commander  of  a  ship,  to  reach  the  port  to  which  he  is  bound  by  the  short- 
est route,  and  in  the  least  time  possible, — particularly  to  the  commander  of 
a  ship  bound  from  the  Cape  of  Good  Hope  to  Van  Diemen's  Land,  or  to 
His  Majesty's  Colony  at  New  South  Wales,  where  the  length  of  the  voyage 
generally  occasions  a  great  scarcity  of  fresh  water, — the  following  Problem 
is,  therefore,  given,  by  which  all  the  particulars  connected  with  the  shortest 
possible  route  between  those  places  will  be  fully  and  clearly  exhibited. 

Were  a  ship  to  sul  exactly  in  the  arc  of  a  great  circle  (not  under  the 
equator  or  upon  a  meridian),  the  navigator  would  be  obliged  to  keep  con- 
tinually altering  her  course ;  but,  as  this  would  be  attended  with  more 
trouble  and  inconvenience  than  could  be  reasonably  admitted  into  the 
general  practice  of  navigation,  it  has  been  deemed  sufficiently  exact  to 
determine  a  certain  number  of  latitudes  and  longitudes  through  which  a 
ship  should  pass,  with  the  relative  courses  and  distances  between  them ;  so 
that  the  track,  thus  indicated,  though  not  exactly  in  the  arc  of  a  great 
circle  may^  notwithstanding,  approximate  so  very  near  thereto,  as  not  to 
produce  any  sensible  difference  between  it  and  the  true  spherical  track. 


Problem. 

Given  the  Latitudes  and  Longitudes  of  two  Places  on  the  Globe^  to  deter- 
mine  the  true  spherical  Distance  between  tliem  ;  together  with  the  angu- 
lar Position  of  those  Places  with  respect  to  each  other,  and  the  successive 
Positions  at  which  a  Ship  should  arrive  when  sailing  <m  or  near  to  the 
Arc  of  a  great  Circle j  agreeably  to  any  proposed  Change  of  Longitude. 

Rule. 

1 .  Find  the  true  spherical  distance  between  the  two  given  places,  by 
oblique  angled  spherical  trigonometry.  Problem  III.,  page  202. 

2.  Find  the  highest  latitude  which  the  great  circle,  touches  that  passes 
through  the  two  given  places ;  that  is,  find  the  perpendicular  from  the  pole 
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|;o  that  circle  by  ri^ht  angled  spherical  trigonometry,  Problem  IL^  page  185; 
and  find,  also,  the  several  polar  angles  (made  by  the  proposed  alteratiOiH 
of  longitude,)  contained  between  the  perpendicular^  thus  found,  and  t&e 
several  meridians  corresponding  to  the  successive  changes  of  longitude. 

3.  With  the  co-latitude  or  perpendicular,  so  found,  and  the  scTCtfl 
polar  angles^  compute  as  many  corresponding  co-latitudes  by  right  angled 
spherical  trigonometry,  Problem  IV.,  page  188. 

4.  With  the  several  latitudes  and  longitudes  through  which  the  ship  is 
to  pass,  compute  tlie  corresponding  courses  and  distance^  by  Mercatpr's 
Sailing,  Problem  I.,  page  238 1  and  they  will  indicate  the  path  along  which 
a  ^hip  must  sail^  so  as  to  keep  nearly  in  the  arc  of  a  great  circle. 

Nottf. — The  smaller  the  alterations  are  in  the  longitude,  the  nearer  wiH 
the  track,  thus  determined,  approximate  to  the  truth;  because,  in  very  BQiiD 
arcs,  the.  difference  between  the  arc  and  its  corresponding  chord,  sine,  i|r 
tangent,  is  so  very  trifling,  that  the  one  may  be  substituted  for  the  Qthpt^ 
in  most  nautical  calculations,  without  producing  any  sensible  difierenoe  IB 
the  result. 

Example  1. 

A  captain  of  a  ^hip  bound  from  the  Cape  of  Good  Hope  (in  latitude 
34?24^  S^  and  longitude  18?32!  E.)  to  New  South  Wales,  being  deurcNii 
of  making  the  north  point  of  King's  Island,  at  the  western  entrance  to  Batt' 
iStrait  (in  latitude  39^37^  S.,  and  longitude  143?54^  E.),  by  the  shprlest 
possible  route^  proposes,  therefore,  to  sail  as  near  to  the  arc  of  a  great 
circle  as  he  can,  by  altering  the  ship's  course  at  every  5  degrees  of  longitude ; 
required  the  latitude  at  each  time  of  altering  the  course,  and,  also,  the 
respective  courses  and  distances  between  those  several  latitudes  and  longi- 
tudes made  by  the  proposed  changes  ? 

Cape  of  Good  Hope,  Latitude  =     34?  24^8.    Longitude  =  18?32CE. 
King's  Island^  N.  point,  Latitude  =  39. 37  S.    Longitude  =  143. 54  B. 

Difference  of  longitude  =:  1 25  ?  22  ^ 

Stereographic  Projection, 

With  the  chord  of  60  degrees,  describe  the  primitive  circle  S  E  N  Q  on 
the  plane  of  the  meridian,  or  circle  of  longitude  passing  through  the  Cape 
of  Good  Hope ;  draw  the  line  E  Q  to  represent  the  equator,  and,  at  rjght 
angles  thereto,  the  line  S  N  for  the  earth's  axis ;  then  S  represents  the 
south,  or  elevated  pole,  and  N  the  north,  or  depressed  pole.  Take  the 
latitude  of  the  Cape  of  Good  Hope  in  the  compasses  from  the  lin^  of 
chords  zz  84?24C,  and  lay  it  off  from  Q  tq  A ;  draw  the  diameter  A  C^ 
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and,  at  light  angles  thereto,  the  (li^meter  «  cv.  Take  the  latitude  of  King's 
Island  =39?d7-  in 
the  compasses  from 
the  line  of  chords, 
and  lay  it  off  frpm 
Q  to  r,  and  also  from 
Etpr;  and,  with  the 
tangent  of  its  com- 
plement =  50?23^ 
draw  the  parallel  cir- 
cle rr.  Take  the 
difference  of  longi- 
tude 125?22:  from 
the  scale  of  semi- 
tangents,  and  lay  it 
off  on  the  'etjuator 
from  Q  to  tn.-  thus 
90?  will  reach  from 
Q  to  P;  then  the 
excess  above  90°,  viz.,  35?22<,  will  reach  from  C  to  m.  With  the  secant 
of  the  complement  of  the  excess  of  the  differenee  of  longitude  irfwra  90! 
=  54?38C  (being  the  supplement  of  the  difference  of  longitude  to  180?). 
doKtibe  the  greut  circle  8  m  N ;  the  intersection  of  which  with  the  pandid 
circle  rrat  B  shows  the  position  of  King's  Island.  Then,  the  great  cirple 
SBmN  represents  the  meridian  of  King's  Island.  Urough  the  three 
points  A  B  t  describe  a  great  pircle,  and  then  will  the  arc  A  B  represent  thy 
true  spherical  distance  between  the  Cape  of  Good  Hope  and  King's  Island  i 
in  which  A  represents  Che  place  nf  the  former,  and  B  that  of  the  latter. 
Tlirotigh  P,  the  pole  of  the  great  circle  AB(,  draw  diegrsat  prcleS^PN; 
then  the  arc  S  F  will  be  perpendicular  to  the  arc  A  B.  Hence,  S  F  repre- 
sents the  le^t  co-latitude  at  which  the  ship  should  arrive  in  her  spherical 
passage  from  the  Cape  of  Good  Hope  to  King's  Island ;  i^ich,  beiug 
reduced  to  the  primitive  circle,  and  measured  on  the  scale  of  chords,  gives 
about  81^  degrees.  The  arc  AB,  reduced  to  the  primitive  circle,  and 
measured  on  the  line  of  chords,  shows  the  true  spherical  distance  tq  be 
about  90j  degrees.  The  angle  S  A  B  is  the  angle  of  position  which  the 
meridian  of  the  Cape  of  Good  Hope  makes  jvitb  King's  Island ;  an4  the 
angle  SB  A  is  the  angle  of  position  which  the  meridian  of  King's  Island 
makes  with  the  Cape  of  Good  Hope.  'Diese  angles,  being  reduced  to  the 
primitive  circle,  and  measured  on  the  line  of  chords,  give  about  39?  for  the 
former,  and  42^?  for  the  latter. 

Note.— The  remuning  parts  of  the  projection  will  be  explained  here- 
after, 
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CalcultUion. 

In  the  oblique  angled  spherical  triangle  A  S  B,  tliere  are  given  two  udes 
and  the  included  angle,  to  find  the  remaining  angles  and  the  third  side; 
viz.,  the  side  AS  =  55?36^,  the  co-latitude  of  the  Cape  of  Good  Hope ; 
the  side  B  S  =  50?23^,  the  co-latitude  of  King's  Island;  and  the  angk 
A  S  B  =  1 25  ?  22 1 ,  the  difference  of  longitude  between  those  places,  to  fmd 
the  true  spherical  distance  AB,  and  the  respective  angles  of  position  SAB 
and  S  B  A.  The  distance  may  be  readily  found  by  Remark  1  or  2,  to 
Problem  III.,  page  203  or  204 ;  as  thus  : 

Diff.oflong.ASB  = 

125?22:  ■+•  2  =  62?4l^Twicelog.sine  19.897300 
Co-lat.  of  Cape  of 

GoodHope=AS  55.36  Log.  sine  =  9. 916514 
Co-lat.  of  King's 

Island=:BS     .    50. 23  Log.  sine  =      9.886676 

Sum=    39.700490 


Diff.ofco.lats.  =      5?  13'        Half  =    19.850245      .    .     19.850245 


Half  diff.  of  do.  rz     2?36^30rLog.sine=  8. 658090 


Arch=  •    .    .    .   86?  19^ 27^Log.T.=  11.192155  Log.  sine  9. 999106 


Half  the  side  AB  =  45. 13.    8i  Log.  sine  =    9.  85 1 139 

SideAB=      .    .    90? 26 '17^;  which  is  the  true  spherical   distance 
between  the  two  given  places. 

To  find  the  Angle  of  Position  at  Ci^e  of  Good  Hope  =  Angle  S  A  B  :— 

This  is  found  by  Problem  L,  page  198 ;  as  thus  : 

As  the  distance  AB  .  90?26'  17^  Log.  co-secant=:10. 000013 
Is  to  diff.  of  long.  A  S  B  125.  22.  0  Log.  sine  =  .  9. 91 1405 
So  is  the  co-lat.     B  S     .     50. 23.  0    Log.  sine  =     .    9.  886676 

To  the  ang.  of  posit.  SAB  38?55 <   11  Log.  sine  =     •    9.  798094 
To  find  the  Angle  of  Position  at  King's  Island  =  Angle  S  B  A  :— 

This  is  found  by  Problem  I.,  page  198 ;  as  thus : 

As  the  distance  A B  .  90?  26'  1 7^  Log.  co-secant  =  10. 000013 
Is  to  diff.  of  long.  A  S  B  125.22.  0  Log.  sine  =  .  9. 9 1 1 405 
So  is  the  co-lat.    AS    .       55.36.   0    Log.  sines      .     9.916514 

To  the  ang.  of  pos.    SB  A   42?17'20irLog.sine  =     .    9.827932 
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To  find  the  Perpendiciilar  F  S  =s  the  Coinplement  of  the  highest  southern 
Latitude  at  which  the  Ship  should  arrive  in  the  proposed  Route : — 

Here  we  have  a  choice  of  two  right  angled  spherical  triangles^  viz.,  ASF 
and  B  S  F ;  in  each  of  which  the  hypothenuse  and  the  angle  at  the  base 
are  given^  to  find  the  perpendicular.  Thus^  in  the  triangle  ASF,  given 
the  hypothenuse  AS,  55? 36^  =  the  co-latitude  of  the  Cape  of  Good 
Hope,  and  the  angle  at  the  base,  S  AF  3S?55n^  =  the  angle  of  position 
at  that  place,  to  find  the  perpendicular  F  S  =  the  complement  of  the 
highest  latitude  at  which  the  ship  should  arrive.  Hence,  by  right  angled 
spherical  trigonometry.  Problem  II.,  page  185, 

As  radius  = 90?  0'  Or  Log.  co-sec.=10.000000 

Is  to  co-lat.  C.  Good  Hope    A  S  =  55. 36.   0    Log.  sine  =       9. 9165 14 
So  is  the  ang.  of  position    S  A  F  =  38. 55.    1     Log.  sine  =       9. 798094 

To  the  perpendicular     FS    s    .    31. 13. 13^  Log.  sine  s       9.714608 

Highest  lat.  at  which  the  ship 

should  arrive  =      .     ..  •    •    .    58?46' 46 |T  south. 

Hence  the  true  spherical  distance  between  the  Cape  of  Good  Hope  and 
the  north  point  of  King's  Island,  is  90? 26/ 17^,  or  5426. 3  miles ;  the 
angle  of  position  at  the  Cape  of  Good  Hope,  is  38?55C  K  ;  and  that  at 
King's  Island,  42?  17- 20'' ;  and  the  highest  southern  latitude  at  which  the 
ship  should  arrive,  58? 46 '46'/.  Now,  by  Mercator's  Sailing,  the  course 
firom  the  Cape  of  Good  Hope  to  King's  Island  is  S.  87?1-  £.,  or  E.  i  S. 
nearly,  and  the  distance  601 1.  2  miles ;  whence  it  is  evident,  that  if  a  ship 
sails  on  the  direct  rhumb  line  indicated  byMercator's  Sailing,  she  will  have  to 
run  a  distance  of  no  less  than  585  miles  more  than  if  her  course  had  been 
shaped  along  the  arc  of  a  great  circle  passing  through  the  two  given  places. 

Now,  since  it  is  extremely  difficult  for  persons  unacquainted  with  the 
doctrine  of  spherics  to  reconcile  a  route  to  their  senses,  as  the  shortest 
distance  between  two  places,  which  carries  them  nearly  22  degrees  to  the 
southward  of  the  middle  latitude  between  the  two  given  places  ;  and  since, 
in  sailing  on  the  arc  of  a  great  circle,  the  course  ought  to  be  changing 
constantly,  with  the  view  of  keeping  the  side  of  the  polygon  on  which  the 
ship  sails  as  near  to  the  arc  of  its  circumscribing  circle  as  possible,  or  that 
the  difference  between  the  arc  and  its- chord  maybe  so  small  that  the  one 
may  be  substituted  for  the  other  without  sensibly  affecting  the  result  in 
nautical  operations, — I  shall,  therefore,  show  the  successive  latitudes  at 
which  the  ship  should  arrive  at  every  5  degrees  of  longitude,  as  proposed 
(which  is  sufficiently  near  to  preserve  the  desired  ratio  between  the  arc  and 
its  chord) ;  together  with  the  respective  courses  and  distances,  by  Merca^ 
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tor's  Sailing,  between  those  several  successive  latitudes  and  longitudes: 
then^  if  the  sum  of  the  several  distances  coincide^  or  nearly  so,  widi  the 
true  spherical  distance  found  as  above,  the  senses  must  become  reconciled 
to  the  propriety  of  adopting  that  high  southern  route  at  which  (bey 
originally  seemed  to  fecoil. 

In  or4er  to  determine  the  several  successive  latitudes  at  which  the  ship 
must  arrive,  we  must  previously  compute  the  vertical  or  polar  angles  A  S  P 
and  B  S  :  then,  if  the  sun^  of  these  angles  m^kes  up  the  whole  difference 
of  longitude,  or  polar  angle  between  the  two  given  places,  it  wil)  be  a 
convincing  and  satisfactory  proof  that,  for  so  far,  the  operations  will  haye 
been  properly  conducted.  Now,  in  the  right  angled  spherical  triangle 
ASF,  given  the  hypothenuse  AS,  55?d6C  =  the  co-latitude  of  the  Cape 
of  Qood  Hope,  and  the  perpendicular  FS,  31?  13^  13^^  =  the  cpn^pl^mep^ 
of  the  highest  latitude  at  which  the  ship  should  arrive,  to  find  the  yertiic^ 
or  polar  apgle  F  S  A.  And,  in  the  right  angled  spherical  triangle  B  S  ^^ 
given  the  hypothenuse  B  S,  50?  23^  =  the  co-latitude  of  King's  Island,  and 
tbt  perpendicular  F S,  31?  13'  \3i1,  to  find  tl>p  vertical  or  polar  angle  3  6P. 
Hence,  by  right  angled  spherical  trigonometr}',  Problem  I.,  page  184, 

To  find  the  Polar  Angle  A  S  F  .^ 

Aa  radiun  a:  ,  .  .  ,  ,  90?  O:  Or  Log.  co-secant  =r  lO.OOQQOO 
h  to  the  CO- latitude  AS  s  55. 36.  0  Log.  co-tangent  ==  9. 835508 
So  ia  the  co-latitude  FS  =     31.13. 13^  Log.  tangent     =:      9.782fl50 

To  the  polar  angle  A  S  F  =     65?28  M8r  Log.  co-sine     =       9. 6}80{(9 

To  find  the  Polar  Angle  B  S  F  :— 

As  radius  s= 90?  0^  Or  Log.  co- secant   s     lO.OOOdOO 

Is  to  the  co-latitude  B  S  =  50.  23.  0  Log.  co-tangent  =  0. 917906 
So  is  the  co-latitude  FS  s:  31.  13. 13^  Log.  tangent  =^     .     9.78a$50 

To  the  polar  angle  BSF  =  59?53n2r  Log.  co-sine    =     .    9.76045« 

And,  since  the  sum  of  the  polar,  angles,  thus  obtained,  viz.,  ASP 
65?28M8r  +  BSF59?53n2r  =  125*^22'. Or,  makes  up  the  whole  dif- 
ference  of  longitude  between  the  two  given  places  expressed  by  the  whole 
angle  A  S  B,  it  shows  that  thus  far  the  work  is  right. 

Now,  on  the  equator,  from  Q  to  m,  lay  off  the  proposed  chuiges  Qf  loB;^ 
gitude,  viz.,  5?,  10?,  15?,  20?,  25?,  &c.  These  are  to  be  taken  re^pecUvely* 
in  the  compasses,  from  the  scale  of  semi-tangents,  reckoning  backuiQ^ 
from  90?  towards  0?,  till  the  proposed  changes  of  longitude  reach  th|^ 
centre  C ;  and  then  forwards  on  that  scale,  or  from  0?  towards  90?,  till 
those  cbaoget  of  longitude  meet  the  point  m ;  thus,  the  extent  from  80? 
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to  85?  will  reach  from  Q  to  5?  ;  the  extent  from  90?  to  80?,  will  reach 
from  Q  to  10?,  and  so  on  to  the  centre  C ;  then,  the  extent  from  0?  to  5?, 
will  reach  from  C  to  95?  ;  the  extent  from  0?  to  10?,  will  reach  from  C  tp 
100?,  aild  8o  on  to  the  point  m.  Through  the  points  S  and  N,  and  the 
several  points  made  by  the  proposed  changes  of  longitude  on  th^  equator^ 
draw  arcs  of  great  circles,  viz.,  S  1,  5?  ;  S  2, 10?  ;  S  3,  15?  ;  S  4,  20?,  &c. 
&Q. ;  and  then  the  arcs  S  1,  S  2,  S  3,  &c,  &c.,  will  represent  the  respeotive 
complements  of  the  several  latitudes  at  which  the  ship  should  arrive  at  the 
given  changes  of  longitude ;  the  true  values  of  which  may  be  found  in  the 
following  manner,  v^.. 

From  the  pp|ar  angle  ASF,  subtract  die  proposed  changes  of  longitude 
continually ;  and  the  several  polar  angles  made  by  those  changes,  and  con- 
tained between  the  perpendicular  F  S  and  the  co-latitude  of  the  Cape  of 
Good  Hope  =  S  A,  will  be  obtained.  Thus,  from  the  polar  angle  ^S  F  s 
66?28U8r,  let  5?  be  continually ^/rarf^d,  and  the  results  will  be  FS  I 
=  60?28U8r;FS2  =  55?28f48r  3  FS3  =  50?28U8r,  &c.  &c.  And, 
since  the  last  subtraction  in  this  triangle  leaves  the  remainder,  or  polar 
angle^  FS  12  =  5?28USr,  which  is  28U8?  greater  than  the  proposed 
alteration  of  longitude,  therefore,  in  the  triangle  B  S  F,  where  the  polar 
angle  S  is  59?53H2^  (and  where  the  several  polar  angles  contained 
between  the  perpendicular  F  S  and  the  co-latitude  of  King's  Island  are  to 
be  determined  by  a  contrary  process  to  that  which  was  observed  in  the  pre- 
ceding triangle),  the  first  polar  angle  is  expressed  by  5?  —  iB'AS'f  = 
4?3in2?  ==  the  angle  FSa;  to  which  let  the  proposed  alterations  of 
longitude  be  continually  added,  and  the  sums  will  be  FSi  =  9?Sin2f  | 
FSc  =  14?31'12^,  &c.  &c.  Those  various  results  are  to  be  arranged 
agreeably  to  the  form  exhibited  in  the  first  column  of  the  following  Table  | 
and,  since  they  respectively  express  the  true  measures  of  the  several  polar 
angles  contained  between  the  meridians  of  the  given  places  and  those  of 
the  several  co-latitudes  to  which  they  correspond,  it  is,  therefore,  manifest 
that  those  results  reduce  the  two  right  angled  spherical  triangles  (ASP 
and  B  S  F)  into  a  series  of  right  angled  spherical  triangles ;  to  each  of 
which  the  perpendicular  F  S  is  common.  Then,  in  each  of  these  triangles^ 
we  have  the  perpendicular  and  the  angle  adjacent,  to  find  the  hypothenuse 
or  co-latitude.  Thus,  in  the  right  angled  spherical  triangle  FS  1,  right 
angled  at  F,  given  the  perpendicular  FS  =:81?18H3^?,  and  the  polar 
angle  F  S  1  =  60?  28^81",  to  find  the  hypothenuse  or  co-latitude  S  1 ;  in 
the  right  angled  spherical  triangle  FS  2,  given  the  perpendicular  FS  =5 
81?13M3ir,  and  the  polar  angle  FS  2  =  .'i5?28M8r,  to  find  the  hypo- 
thenuse or  co-latitude  S  2,  &c.  &c.  Hence,  by  right  angled  spherical 
trigonometry.  Problem  IV.,  page  188, 
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To  find  the  Hypothenuse^  or  Co-Latitude  =:  S  1 :— - 

As  the  perpendicular  F S  =  SHlSMS^r  Log.  co-tangent  =10. 217450* 
Is  to  the  radius  =       .     .    90.   0.   0       Log.  sine  =       •     10.000000 
So  is  the  angle  F  S  1   =  .     60. 28. 48      Log.  co-sine    =      9. 699607 


To  the  co-latitude  S  1  =      50. 53. 28      Log.  co-tangent  s  9. 910057 
First  latitude  =      ...    39?  6'32rS.,  at  which  the  ship  should  arrhe. 

To  find  the  Hypothenuse^  or  Co-Latitude  =  82: — 

As  the  perpendicular  FS  =  31?i3nSjr  Log.  co-tangent  =  10. 217450* 
Is  to  the  radius  =      .     .     90.    0.   0       Log.  sine  =:  .     .     10.000000 
So  is  the  angle  F  S  2    =     55. 28. 48      Log.  co-sine  =  .      9. 753349 


To  the  co-latitude  82=     46. 55. 29      Log.  co-tangent  =  9. 970799 
Second  latitude  =:       •     .    43?  4^31fS.^  at  which  the  ship  should  anhre. 

Hence^  the  first  latitude  at  which  the  ship  should  arrive,  is  39?6'32?S.; 
apd  the  second  latitude  43?4^3KS. :  and,  since  it  is  the  latitude  itsell^ 
and  not  its  complement,  that  is  required,  if  the  log.  tangent  of  the  siim  of 
the  three  logarithms  be  taken,  it  will  give  the  latitude  direct ;  and^  by 
rejecting  the  radius,  the  work  will  be  considerably  facilitated.  Proceeding 
in  this  manner,  the  several  successive  latitudes  corresponding  to  the  pio- 
posed  alterations  of  longitude  will  be  found,  as  in  the  third  column  of  the 
following  Table. 

Now,  let  the  several  successive  longitudes  be  arranged  (agreeably  to  the 
proposed  change,  and  to  the  measure  of  the  corresponding  polar  angles,)  at 
given  in  the  second  column  of  the  following  Table ;  and  find  the  difference 
between  every  two  adjacent  longitudes,  as  shown  in  the  fourth  column  of 
that  Table.  Find  the  difference  between  every  two  successive  latitudes, 
and  place  them  in  the  fifth  column  of  the  Table.  Take  out  from  Table 
XLIII.  the  meridional  parts  corresponding  to  the  several  successive  lati* 
tttdes,  as  given  in  column  6,  and  find  the  difference  between  every  two 
adjacent  numbers,  as  given  in  the  seventh  column.  Then  find,  by  Merca- 
tor's  Sailing,  Problem  I.,  page  238,  the  respective  courses  and  Stances 
between  the  several  successive  latitudes  and  longitudes;  and  let  those 
courses  and  distances,  so  found,  be  arranged  as  in  the  two  last  columna  of 
the  following  Table :  viz.. 


*  The  log.  co-taD|^Qt  it  used,  so  as  to  avoid  the  trouble  of  fiodiDg  the  arithmetical  cos- 
plemeat  of  the  lofp.  tangent. 
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N(nV,  the  6um  of  the  several  successive  differences  of  longitude  ==  7524 
miles,  makes  up  the  whole  difference  of  longitude  between  the  two  gived 
places ;  the  sum  of  the  successive  differences  of  latitude  =  2612i  53  miles^ 
is  equal  to  the  whole  difference  of  latitude  comprehended  under  the  high- 
est latitude  dt  which  the  ship  should  arrive,  and  the  latitudes  of  the  twd 
given  places,  viz.  34?24^0'r  S.,  58?46U6^r  S.,  and  39?37'0r  S.— And^ 
the  sum  of  the  several  meridional  differences  of  latitude  =  3973. 85  tnllOi 
coincides  exactly  with,  the  whole  meridional  difference  of  latitude  eorres-^ 
ponding  to  the  highest  latitude,  and  the  latitudes  of  the  two  giveti  places  j 
which  several  agreements,  form  an  incontestable  proof  that  the  Wdrk  ha^ 
been  carefully  conducted. 

The  sum  of  the  several  distances  measured  on  the  consecutive  ffatiinb 
lines  intercepted  between  the  Successive  latitudes  and  longitudes^  as  exhi« 
bited  in  the  last  column  of  the  Table,  is  5426. 46  miles ;— but  the  tnu§ 
spherical  distance  on  the  arc  of  a  great  circle  is  5426. 30  miles ;  the  diff-i 
erence,  therefore,  is  only  0' .  16 ;  or,  about  ^  of  a  mile  ;  which  is  very  tri-* 
fling,  considering  the  extent  of  the  arc. — ^The  distance  by  Mercator'^  SttUillg 
is  6011 . 2  miles  ;  which  is  583  miles  more  than  by  great  circle  sailing. 

Hence,  it  is  evident  that  the  shortest  and  most  direct  route  from  the  Caf6 
of  Good  Hope  to  King's  Island  is  by  the  latitude  of  58?46'46|r  S.;  and  that 
the  ship  must  make,  successively,  the  several  longitudes  and  latitudes  con<^ 
tuned  in  the  2nd  and  3rd  columns  of  the  Table,  in  the  same  manner,  pt^ 
ditely,  as  if  they  were  so  many  headlands,  or  places  of  rendezvous,  at  which 
she  was  required  to  touch. — ^The  first  course,  therefore,  from  the  Cape  o^ 
Good  Hope  i6  S.  40?22.  £.  distance  371  miles,  which  will  bring  the  shi|l 
to  longitude  23?32'  E.  and  latitude  39?6^32r  S.;— the  second  course  is  S^ 
43?31'  £.  distance  328  miles,  which  brings  the  ship  to  longitude  28?32^ 
E.  and  latitude  43?4^3K  S. ;  the  third  course  is  S.  46?56'  E.  distance 
292  miles,  which  brings  the  ship  to  longitude  33?32'  E.  and  latitude 
46  ?  23'.  39  r  S  ;— and  so  on  of  the  rest.— Whence,  it  is  evident  that  if  the! 
ship  sails  upon  the  several  courses,  and  runs  the  corresponding  distances 
respectively  set  forth  in  the  two  last  columns  of  the  Table,  she  will,  most 
assuredly,  arrive  at  the  several  successive  longitudes  and  latitudes  pointed 
out  in  the  2nd  and  3rd  columns  of  that  Table ;  and  thus  will  she  reach 
King's  Island,  the  place  which  it  is  intended  she  shall  make,  by  a  track 
585  miled  shorter  than  if  such  track  had  been  determined  agreeably  to  the 
principles  of  Mercator's  sailing. 

And,  in  a  long  voyage,  like  the  present,  in  which  ships  generally  expe- 
rience a  great  scarcity  of  fresh  water,  particularly  those  bound  to  His  Ma- 
jesty's colony  at  New  South  Wales  with  troops,  or  convicts,  the  saving  of 
585  miles  run  at  sea  becomes  a  consideration  of  no  inconsiderable  import- 
ance. 

Nor  is  there  any  ijaore  difficulty  in  sailing  on  the  arc  of  a  great  circle^ 
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thu^  detenhin^d^  than  theire  is  in  sailing  on  a  pj&tallei  of  latitude ;  for,  if 
the  ship's  compass  be  but  tolerably  good,  the  variation*  theredf  car^ftiUy 
attended  to,  and  proper  attention  paid  to  the  steerage,  the  courses  and  diS' 
tances  expressed  in  the  two  last  columns  of  the  Table  will,  undoubtedly, 
carry  the  ship  direct  from  the  Cape  of  Good  Hope  to  the  north  point  of 
King's  Island,  without  ever  referring  to  celestial  observation  for  eithef  lati- 
tude or  longitude ;  provided,  indeed,  that  the  ship's  way  is  not  affected  by 
currents : — but,  since  the  courses  contained  in  the  8th  column  of  the 
Table,  express  the  true  bearings  between  the  several  raceessive  latitudes 
and  longitudes  through  which  the  ship  must  pass ;  these  must,  therefore, 
be  reduced  to  the  magnetic,  or  compass  course,  by  allowing  the  Observed 
variation  to  the  right  hand  thereof  if  it  be  westerly,  but  to  the  left  hand  if 
easterly ;  this  being  the  converse  process  of  reducing  the  magnetic,  or 
course  steered  by  compass,  to  the  true  course. — And,  if  the  spherical 
track,  so  determined,  be  delineated  on  a  Mercator's  chart,  it  will,  perhaps^ 
not  only  simplify  the  navigation,  but  also  point  out  to  the  mariner 
any  hnoemi  lani  that  may  be  adjacent  thereto  *  ;  and  thus  enable  him  to 
alter  his  course  as  occasion  may  require.^^The  spherical  track  may  be  rea- 
dily delineated  on  a  chart  by  means  of  the  angles  of  meeting  made  by  the 
several  latitudes  and  longitudes,  which  show  the  places  or  points  where  the 
ship  is  to  alter  her  course : — ^Now,  those  points  being  joined  by  right  lines 
vrili  indicate  the  true  courses  and  distances,  or  the  absolute  route  on  which 

« 

the  ship  must  sail  from  the  Cape  of  Good  Hope  to  King's  Island ;  then,  if 
each  day's  run  be  carefully  measured  on  the  track,  so  delineated,  the  navi- 
gator can  always  know  his  distance  from  the  place  to  which  he  is  bounci, 
without  resorting  to  the  trouble  of  calculation. 

I  have  dwelt  at  considerable  length  upon  this  Problem  for  the  express 
purpose  of  simplifying  a  subject  which  is  but  very  little  understood  by  the 
generality  of  maritime  people: — and,  with  the  view  of  rendering  it  still  more 
familiar,  another  example  will  be  given  by  which  the  approximate  spherical 
route,  as  jperformed  by  His  Majesty's  ship  Dauntless,  under  the  command 
of  George  Cornish  Gambier,  esq.  on  her  voyage  from  Port  Jackson  to  Val- 
paraiso, in  the  year  1822,  will  be  clearly  illustrated. 

Example  2. 

His  Majesty's  ship  Dauntless  being  bound  from  Port  Jackson^  in  latitude 
33?52^  S.  and  longitude  151?16^  E.  to  Valparaiso,  in  latitude  83? IC  S. 
and  longitude  71?52'  W.,  the  captain,  G.  C.  Gambier,  Esq.^  proposed  to 
navigate  her  as  near  to  the  arc  of  a  great  circle  as  he  could,  by  altering 
her  course  at  every  5  degrees  of  longitude ;  required  the  latitude  at  each 


j..^ 


^  It  is  presumed  tbat  there  is  not  any  land  to  intercept  a  ship's  progress  in  this  track. 


time  of  altering  the  course,  togetlier  with  the  respective  courses  aod  > 
tances  betweeo  those  several  latitudes  and  longitudes,  occasioned  t^ 
prqKtsed  changes  ? 


'■\i 


PortJackwn,   . 

.    Latitude  33°52:  S.    Longitude  =  1S1?I6:  E. 

Valparaiio,      . 

.    Latitude  33.    1    S.     Longitudes:     71.52   W. 

Sum  : 


Difference  of  longitude  between  the  two  given  places  =   136?52' 
Calculation. 

Since  the  elements 
of  this  Example  are 
-  analogous  to  those  of 
the  last ;  it  is  not, 
therefore,  deemed  ne- 
cessary to  repeat  the 
mode  of  projection ; 
the  only  difference  in 
the  construction  beingft' 
that,  in  the  preceding 
diagram,  because  the 
ship  is  bound  to  a  place 
to  Uie  eastward  of  that 
from  which  she  is  to 
sail ;  the  latter  is,  there- 
fore, for  the  sake  of  uni- 
formity, placed  on  the 
primitive  circle  in   the 

western  hemisphere  : — and,  in  the  present  diagram,  because  the  ship  is 
bound  to  a  port  to  the  westward  of  that  from  which  she  is  to  sail,  the  laU 
ter  (for  the  sake  of  uniformity  also]  is  placed  on  the  primitive  circle  in  the 
eastern  hemisphere ; — the  letter  Q  representing  the  western  hemisphere  in 
the  former  case,  and  the  eastern  hemisphere  in  the  latter. 

Now,  the  figure  being  thus  constructed  on  the  plane  of  the  mwidian 
passing  through  Port  Jackson  ;  let  the  point  A  represent  that  place  j  the 
point  B,  the  place  of  Valparaiso,  and  the  arc  A  B,  the  true  spherical  dis- 
tance between  those  places ; — then,  A  S  represents  the  co-latitude  of  Port 
Jackson ;  B  S,  that  of  Valparaiso ;  S  A  B,  the  angle  of  position  at  the  for- 
mer place,  and  SB  A,  the  angle  of  position  at  the  latter  place. — The  are 
FS,  which  ia  drawn  perpendicular  to  AB,  represents  the  complement  of  the 
highest  latitude  at  which  the  ship  should  arrive }  and  the  several  arcs  SI} 
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S  2 ;  S3;  S  4 ;  Ac.  &c.  &c.,  rejircscnt  the  coinplomcnts  of  the  successive 
latitutles  tliroiigh  which  tiie  ship  tnufst  pass. — Hence,  in  the  oblique  angled 
splterical  triangle  A  13  S,  two  sides  atid  the  included  angle  are  given  to  find 
the  third  side  and  the  remaining  angles ;  viz.,  the  side  A  S  a  56?8^  the 
co-tatitude  of  Port  Jackson ;  the  side  B  S  =  56?59'  the  co-latitude  •f 
Valparaiso,  and  the  angle  A  S  B  =  136?52!  the  difference  of  longitude 
between  those  places;  to  find  the  spherical  distance  A  B,  and  the  respec- 
tive angles  of  position  =  S  A  13  and  S  B  A : — the  distance  may  be  readily 
found  by  Remark  1,  6r  2,  to  Problem  III.,  page  203  or  204 ;  as  thus : 

Diff.long,ASB136?52(  -+-2  = 

68?26  ^  Twice  log,  S-=  19. 036058 

Co-latitude  of  Port 

Jackson  =  AS  56?  8^   Log. sine  =       9.019254 

Co-lat.  of  Valpa- 
raiso =  B  S      56?50^  Log.  sine  =      9. 923509 


Sum=     .39.779721 


Diff.ofc6-Iat.  z=:     0?5i:        Halfs=     .  19«  8898601  19.889660.^ 

HalfiKff.  of  ditto=  0*25:30r  Log.  S.  =    7. 870262 


Arch  =     .    .    .  89?25'47r Log.tang.=:  12. 019598iLog.S.=:9. 999979 


Half  the  arc  A  B=50?  53^56:  Log.  sine  =    ......    9.889881* 


Side  AB=.     .  10n47'52r  ^  the  true  spherical  distance  between  the 
two  given  places. 

To  find  the  Angle  of  Position  at  Port  Jackson  =  Angle  S  A  B  :— 

This  is  found  by  Problem  I.,  page  198;  as  thus  : 

As  the  distance  A  B  =  101  ?47 '  52r  Log.  co-secant  =  10. 009273 
Is  to  diff.  long.  A  S  B  =  136.52.  0  Log.  sine  =  .  .  9.834865 
Soistheco-latitudeBSss  56.59.   0    Log.  sines  .     .    9.923509 

To  angle  of  pos.=S  A  B  =  35^50'  59r  Log.  sine  =  .     .    9. 767647 
To  find  the  Angle  of  Position  at  Valparaiso  ==  Angle  S  B  A  :— - 

This  is  found  by  Problem  I.,  page  196;  as  thus  : — 

u 
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As  the  distance  A  B=  101°47:52r  Log.  co-secant  =  10.009273 
Is  to  diff.  long.  A  S  B  =  136.52.  0  Log.  sine  =  .  .  9.8348ei5 
So  is  the  co-lat.  A  S  =      56.   8.   0     Log.  sine  =    .     .    9. 919254 

Toangleofpos.SBA=    35?26C50r  Log.  sine  =  .     .     9.763392 

To  find  the  Perpendicular  F  S  =  the  Complement  of  the  highest  Southern 

Latitude  at  which  the  Ship  should  arrive: — 
« 
Here  we  have  a  •choice  of  two  right  angled  spherical  triangles,  viz.  ASF 

and  B  S  F ;  in  each  of  which  the  hypothenuse  and  the  angle  at  the  base 

are  given  to  find  the  perpendicular; — thus,  in  the  triangle  ASF,  given  th^ 

hypothenuse  A  S  =  56^8"  the  co-latitude  of  Port  Jackson ;  and  the  angle 

at  the  base  S  A  B  =  35?50^59^  the  angle  of  position  at  that  place,  to 

find  the  perpendicular  F  S  =  the  complement  of  the  highest  southern  Ia« 

titude  at  which  the  ship  should  arrivie  : — 

Hence,  by  right  angled  spherical  trigonometry,  Problem  II.,  page  185, 

As  radius  =r  .....  90?  0'  0^  Log.,co- secant  =  10.000000 
Is  to  co-lat.  Port  Jackson= AS  56.  8.  0  Log.  sine  =  .  .  9.919254 
So  is  ang.  of  position  =  S  A  F  35. 50. 59     Log.  sine  =    .     .  9. 767647 

To  the  perpendicular  F  S  =       29?  5^511'  Log.  sine  =    .     .  9.686901 

Highest  lat.  at  which  the 
'      ship  should  arrive  =  60?54^  9f  south. 

From  the  above  calculations  it  appears  evident  that  the  true  spherical 
distance  between  Port  Jackson  and  Valparaiso  is  101?47'52^,  or  6107.87. 
miles;  the  angle  of  position  at  Port  Jackson  =  35?50^59^,  and  that  at^ 
Valparaiso  =  35?26'50T,  and  the  highest  southern  latitude  at  which  the 
ship  should  arrive  =  60?54'9^. — Now,  by  Mercator's  sailing,  the  coorse. 
from  Port  Jackson  to  Valparaiso  is  N«  89?34'  E.  and  the  distance  6853. 1^ 
mil^s ;— whence  it  is  manifest^  that  if  a  ship  sails  on  the  direct  rhumb* 
line  between  those  places,  as  indicated  by  that  mode  of  sailing,  she  will 
have  to  run  745;  miles  more  than  by  shaping  her  course  along  tlie  arc  of  a 
great  circle. 

To  compute  the  vertical,  or  Polar  Angles  ASF,  and  B  S  F  :^- 

In  the  tight  angled  spherical  triangle  ASF,  given  the  hypothenuse  A  S 
56°8'  =  the  co-latitude  of  Port  Jackson,  and  the  perpendicular  F  S 
29*&'5K  =  the  complement  of  the  highest  latitude  at  which  the  ship 
should  ariive;  to  find  the  vertical,  or  polar  angle  A  S  F. — And,  in  the 
right  angled  triangle  BS  F,  given  the  hypothenuse  B  S,  56?59'  =  tiKJ  co- 


GREAT   CIRCLE    SAILING.  291 

latitude  of  Valparaiso,  and  the  perpendicular  F  S,  29?5^51'';  to  find  the 
polar  angle  B  S  F. — Hence,  by  right  angled  spherical  trigonometry,  Prob.  I., 
pace  184^ 


r 
t 


To  find  the  Polar  Angle  A  S  F  :— 


A«  radius  =s 90?0^  Or  Log.  co-secant  =  10.  OOOOOa 

Is  to  the  co-latitude  A  S  =  .  56. 8.   0  Log.  co-tangent  =  .  9. 826805 

So  is  the  co-latitude  F  S  =  .  29. 5. 51  Log.  tangent  =  .  .  9. 745493 

To  the  polar  angle  A  S  F  =  68?4^5r  Log.  co-sine  =  .  .9. 572298 


To  find  the  Polar  Angle  B  S  F  :— 

As  radius  = 90?  0:  0^  Log.  co-secant  =  10.000000 

Is  to  the  CO- latitude  B  S  =       56. 59.   0     Log.  co-tangent  ==  9. 812794 

So  is  the  co-latitude  F  S  =       29.   5. 51     Log.  tangent .     =  9. 745493 


To  the  polar  angle  B  S  F  =       68°  47' 55  r  Log.  co-sine  =     .     9.558287 

Nowy  since  the  sum  of  the  polar  angles,  thus  obtained,  viz.  ASF, 
68?4^5r  +BSF,68?47'55r  =  136?52:,  makes  up  the  whole  differ- 
eiice  of  longitude  between  the  two  given  places,  expressed  by  the  whole 
angle  A  S  B,  it  shows  that,  thus  far,  the  work  is  right. 

To  find  the  several  successive  Polar  Angles  made  by  the  proposed  changes 

of  Longitude. 

From  the  polar  angle  A  S  F,  subtract  the  proposed  alteration  of  longi- 
tude continually,  as  far  as  subtraction  can  be  made ;  and  the  several  polar 
angles  occasioned  by  those  alterations,  and  contained  between  the  perpen- 
dicular FS,  and  the  co-latitude  of  Port  Jackson  =  A  S,  will  be  obtained « 
— ^Thu8,from  the  polar  angle  A  S  F=68?4'5T,  let  5?  be  contiijually  sub- 
tracted, and  the  results  will  be  F  S  1  =  63?4^5'/  FS2=58?4r5rf 
F  S  3  =  53?4f5r,  &c.  &c.,  the  last  remainder  being  3?4'5r  =  the  polar 
angle  F  S  13. — Now,  the  polar  angles  contained  between  the  perj)endicular 
F  S,  and  the  co-latitude  of  Valparaiso  =  B  S,  are  to  be  determined  by  a 
contrary  process ;  and,  since  the  last  subtraction  in  the  triangle  F  S  A,  left 
the  remainder,  or  polar  angle  F  S  J3  =  3?4'5'',  which  is  1?55'55^,  less 
than  the  proposed  alteration  of  longitude  ;  therefore,  the  first  polar  angle 
in  the  triangle  F  B  S,  must  be  1?55'55'/  =  the  polar  angle  F  S  a;  to 
which,  let  5  ?  be  continually  added,  as  far  as  the  measure  of  the  angle  F  SB 
will  allow,  and  we  shall  have  F  S  6  =  6?55:55r  ;  F  S  c  =  lI?55C55r  ^ 
F  S  rf  =  ]6?55:55^,  and  so  on  3  as  expressed  in  the  first  column  of  the 

following  Table. 

u  2  ' 
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To  compute  the  successive  Latitudes  at  wliicli  the  Ship  should  arri%*e  :— 

Since  the  several  succcs&ive  polar  angles,  obtdned  as  above^  evidenUj 
reduce  the  two  right  angled  spherical  triangles  A  F  S  and  B  F  S,  into  a 
series  of  right  angled  spherical  triangles,  to  each  of  which  the  perpendicQ- 
lar  F  S  is  common ;  therefore,  in  each  triangle  of  this  series  we  have  tlw 
perpendicular  and  the  angle  adjacent,  to  fin<i  the  hypothemise,  or  co-lati-. 
tude. — Thus,  in  the  right  angled  s|)herical  triangle  F  S  1,  right  angled  at 
F,  given  the  perpendicular  F  S  =  29r5C51  T,  and  the  polar  angle  F  S  1  =  ' 
G3?4'5?  ;  to  find  the  hypothenuse^  or  co-Iatitode  S  I  ; — In  the  right  an- 
gled spherical  triangle  F  S  2,  given  the  perpendicular  F  S  =  29?5!51?, 
and  the  polar  angle  PS  2  =  58?4t5r ;  to  find  the  hypothenuae,  or  co- 
latitude  S  2,  &c.  &c.  &c. 

Hence^  by  right  angled  spherical  trigoi>ometry,  Problem  IV.,  page  188^ 

To  find  the  Hypothenuse,  or  Co-latitude  S  1  :— 

As  the  perpendicular  F  S  ^     29  ?  5 : 5 1 :  Log.  co-tang.  =:     10. 2&4507* 
Is  to  the  radius  rs    .     .     .    90.   0.   0     Log.  bine  =     •     10.000000 
So  is  tlie  polar  angle  F  S  I  =s  63.   4.   5     Log.  co-sine     .      9. 6S6088 

To  the  co-laUtude     S  1  =     50. 5  L  36     Log.  cortangent  =  9. 910S40 


First  latitude  =  •     .     39!  8'24TS.  at  which  the  ship  should  arrm. 

To  find  the  Hypothenuse,  or  Co-latitude  S  2  :— 

As  the  perpendicular  FS  =     29?  5^51  r  I^g,  co-tang  =     10. 25460?:* 
Is  to  the  radius  =     .     .     .     fO.    0.    0     Log.  sine  =  .     .     10.000000 
So  is  the  polar  angle  F  S  2  =  58.    4.    5     Log.  co-sine  =         9. 723383 


To  the  co-latitude  S  2  =        46. 27. 28     Log.  co-tang.  —       9. 9778SN) 
Second  latitude  =       43  f  32 ^  32T  S.  at  which  the  ship  should  arriie. 

Hence^  the  first  latitude  at  which  the  ship  should  arrive  is  39?8t24TS«; 
and  the  second  latitude  43?32:32r  S.— And  since  it  is  the  latitude^  aiid  . 
iiot  its  complement  that  is  required ;  therefore,  if  the  log.  tangent  of  tbe 
sum  of  the  three  logs,  be  taken,  it  will  give  the  latitude  direct ;  and,  hj 
refecting  the  radius  from  the  calculation,  the  work  will  be  considerably  fiiei- 
Ikated.— Proceeding  in  this  manner,  the  several  successive  latitudes  cor^ 


*  The  log.  co-tangcnt  is  used,  so  as  to  siiro  the  trouble  of  findiog  the  arithiacUcal  Goa« 
plcmcnt  of  the  log.  tangent. 
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responding  to  the  proposed  alterations  of  longitude  will  be  found  as  shown 
in  the  3d  column  of  the  following  Table* 

Now,  let  the  several  successive  longitudes  be  arranged  (agreeably  to  the 
proposed  change,  and  to  the  measure  of  the  corresponding  polar  angles), 
as  exhibited  in  the  2d  column  of  the  following  Table ;  and  find  the 
difference  between  every  two  adjacent  longitudes,  as  shown  in  the  4th 
column  of  that  Table, — Find  the  difference  between  every  two  adjacent 
latitudes,  and  place  those  differences  in  the  5th  column. — Find  the  meri- 
dional parts  corresponding  to  the  several  successive  latitudes,  which  place 
in  the  6th  column ;  and  find  the  difference  between  every  two  adjacent 
meridional  latitudes,  as  shown  in  the  7th  column. — ^'llien  find,  by  Merca- 
tor*s  sailing,  Problem  I.,  page  238,  the  respective  courses  and  distances 
between  the  several  successive  latitudes  and  longitudes  ;  and,  let  the 
courses  and  distances,  so  found,  be  arranged  in  regular  succession,  as  exhi- 
bited in  the  two  last  columns  of  the  Table. — ^Then,  will  this  Table  be  duly 
prepared  for  navigating  a  ship  on  the  arc  of  a  great  circle,  agreeably  to  the 
proposed  alterations  of  longitude.— And,  should  the  sum  of  the  several  sue* 
cessive  differences  of  longitude,  contained  in  the  Table,  coincide  with  the 
whole  difference  of  longitude  between  the  two  given  places ;— the  sum  of 
the  several  successive  differences  of  latitude  be  found  to  agree  with  the 
whole  difference  of  latitude  comprehended  under  th<{  mean,  or  highest 
latitude,  and  its  corresponding  extremes  ; — the  sum  of  the  several  meri- 
dional differences  of  latitude  to  be  equal  to  the  whole  meridional  difference 
of  latitude  corresponding  to  the  mean,  or  highest  latitude,  and  Its  respective 
extremes, — and  the  sum  of  tlie  several  successive  distances  to  make  up  the 
whole  spherical  distance  (or  nearly  so,)  between  the  two  given  places; 
then,-^  those  several  concurring  equalities  will  be  so  many  satisfactory  proofs 
that  the  work  is  right. 

JVb/^.— In  the  spherical  track  laid  down  in  the  following  Table,  it  is 
presumed  that  there  is  not  any  land  to  intercept  a  ship's  progress :  but 
since  this  track  will  take  the  navigator  into  high  southern  latitudes,  it  will 
be  indispensably  necessary  to  keep  a  sharp  look-out  at  all  times,  particu* 
larly  during  the  night,  so  as  to  guard  against  any  of  the  ice-bergs  that  may 
be  floating  to  the  northward  of  the  Antarctic  circle; — though,  if  the  track 
be  made  in  the  months  of  November,  December,  January,  or  February, 
there  will  be  no  real  night  Dr  darkness  to  experience ;  for  during  these 
months  there  will  be  a  strong  twilight  between  the  latitudes  of  53,  and  61 
degrees  south ;  and  thus  the  navigating  at  night  will  be  attended  with  very 
little  more  danger  than  that  by  day. 
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Now,  the  sum  of  the  several  successive  differences  of  longitude,  viz. 
8212  miles,  coincides  exactly  with  the  whole  difference  of  longitude  be- 
tween the  two  given  phices ;  the  sum  of  the  successive  differences  of 
latitude  =t  3295.30  miles,  agrees  with  the  whole  difference  of  latitude 
comprehended  under  the  highest  latitude  at  which  the  ship  should 
arrive,  and  the  latitudes  of  the  two  given  places ;  viz.  33?52'0''  S^ 
60?54'9f  S,  and  33?  1  '0^  S  : — and,  the  sum  of  the  several  meridional 
differences  of  latitude  =  5011. 80  miles,  makes  up  the  whole  difference 
of  latitude  corresponding  to  the  highest  latitude  and  the  latitudes  of  its 
respective  extremes  : — these  several  concurrences  or  agreements,  form, 
therefore,  the  most  satisfactory  and  indisputable  proofs  that  the  work 
has  been  properly  conducted. 

The  sum  of  the  several  distances,  measured  on  the  respective  rhumb- 
lines  intercepted  between  the  successive  longitudes  and  latitudes,  as 
given  in  the  last  column  of  the  Table,  is  6108. 73  miles  ; — but  the  true 
spherical  distance  on  the  arc  of  a  great  circle  is  6107*87  miles  ;  tliQ 
difference,  therefore,  is  only  0. 86,  or  a  little  more  than  three-fourths 
of  a  mile  ;  which  is  a  very  close  approximation  in  the  measure  of  so 
great  an  arc. 

The  distance  by  Mercator's  sailing  is  6853. 16  miles ;  which  is 
745. 29,  or  about  745|  miles  more  thaq  by  great  circle  saiKng. — Hence^ 
it  is  evident  that  the  shortest  and  most  direct  route  from  Port  Jackson 
to  Valparaiso  is  by  the  latitude  of  60?54'9?  S ;  and  that  the  ship  must 
make,  successively,  the  several  longitudes  and  latitudes  contained  in 
the  2nd  and  3rd  columns  of  the  Table,  in  the  same  manner  precisely, 
as  if  they  were  so  many  ports  or'places  of  rendezvous,  at  which  she  was 
directed  to  touch. 

The  first  course,  therefore,  from  Port  Jackson  to  Valparaiso,  is  S, 
37°  18'  E.  distance  398  miles  ;  which  will  bring  the  ship  to  longitude 
156?16l0r  E.  and  latitude  39?8:24r  S;— the  second  course  is  S. 
40'?26!  E.  distance  347  miles;  which  brings  the  ship  to  longitude 
161?16:0r  E.  and  latitude  43?32:32:  S  ;— the  third  course  is  S. 
43?53^  E.  distance  304  miles,  which  brings  the  ship  to  166?16:0r  E.' 
and  latitude  47?11  '36r  S.  &c.  &c.  &c. 

Whence  it  is  evident  that  Captain  Gambler  saved  a  distance  of  745^ 
miles  in  that  judicious  and  well-planned  route  ;  And  this  saving  of  dit:- 
tauce  should  be  an  object  of  the  highest  consideration  to  every  captain 
who  wishes  to  recruit  the  strength  and  spirits  of  his  ship's  company  by 
a  generous  supply  of  fresh  provisions  after  a  fatiguing  and  tedious 
voyage ;  the  measure  of  which  falls  very  little  short  of  being  equal  to 
one-fourth  of  the  earth's  circumference  as  taken  under  the  equator,  or 
to  the  one-third  of  that  circumference  if  taken  under  the.  given  parallel 
of  latitude. 
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SOLUTION  OF  PROBLEMS  IN  NAUTICAL  ASTltONOMT. 

Nautigai.  Astronomy  is  the  method  of  finding,  by  celestial  obser- 
vation^ the'  latitude  and  longitude  of  a  ship  at  sea ;  the  variatioii  of 
the  compass  ;  the  mean  time  at  ship ;  the  altitudes  of  the  bcavealy 
bodies^  &c.  &c.  &c.— Or,  it  is  that  branch  of  mathematical  astronavijr 
which  shows  how  to  solve  all  the  important  Problems  ip  navigalkm  by 
means  of  spherical  operations,  when  the  altitudes,  or  distances  of  the 
celestial  objects  are  under  consideration. 

Before  entering  upon  the  Astronomical  part  of  this  work,  it  appean 
to  be  indispensably  necessary  that  a  few  observations  should  be  made 
relative  to  the  new  and  most  important  element  called  ^^  Sidereal  Time," 
which  is  given  in  page  II.  of  the  month  in  the  Nautical  Almanac :  for 
'  this  essentiidly  useful  element  enters  so  generally  into  all  the  caknila* 
tions  in  which  the  moon,  stars,  and  planets  are  concerned,  that,  witkcml 
a  previous  knowledge  of  the  principles  upon  which  it  is  fomided,  and  of 
the  uses  to  which  it  may  be  applied,  it  would  be  iir  vain  to  attempt  the 
solution  of  a  Problem  which  has  any  relation  to  mean  time. — Indeed, 
miless  the  nature  of  ^^  Sidereal  Time'^  be  clearly  understood,  even  the 
most  simple  of  the  preliminary  problems  will  appear  to  be  incom- 
prehensible. 

Although  it  is  my  intention  to  associate  a  concise  explanation  with 
every  problem  that  may  appear  to  demand  a  specific  illustration,  yet,  / 
with  the  view  of  elucidating  the  elementary  expressions  in  the  Nautical 
Almanac,  and  of  giving  the  young  navigator  a  competent  knowledge  of 
the  above-named  important  element,  I  shall  here  place  before  his  view 
the  following 

General  Defniticns. 

# 

1 .  The  grateful  phenomenon  of  Day  and  Night  is  produced  by  the  dr- 
cunirotation  of  the  earth  from  west  to  east,  round  an  imaginary  line 
called  the  axis,  the  extremities  of  M'hich  arc  named  Poles :  the  ex- 
tremity which  lies  towards  the  most  northern  part  of  Europe  is  deno- 
minated the  North  Pole,  and  its  opposite,  the  South  Pple. 

2.  The  Celestial  Poles  arc  two  immovable  points,  round  which  the 
heavens  seem  to  tutn,  or  move  apparently  from  east  to  west :  they  may 
be  considered  as  the  extremities  of  the  earth's  axis  produced  to  the  fir- 
mament, or  to  the  sphere  of  the  fixed  stars.  The  eq^parent  motion  of 
the  heavens  from  east  to  west,  is  occasioned  by  the  aetnal  diumalmoHon 
of  the  earth  round  its  axis  from  west  to  east,  which  gives  an  iUusive 
motion,  in  a  contrary  direction,  to  all  the  heavenly  bodies. 

3.  The  Equator  is  a  great  circlt*  on  the  earth,  every  point  of  which  is 
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equally  diBtant  from  the  poles.  It  divides  the  globe  into  two  equal 
parts,  called  hemispheres  :— -the  half  which  has  the  North  Pole  in  its 
centre  is  named  the  northern  hemisphere,  and  the  other,  the  southern 
hemisphere. 

4.  The  Equinoctial  is  a  great  circle  in  the  heavens,  every  part  of  which 
is  equally  distant  from  the  celestial  poles,  and  corresponding  with  the 
equatorial  circle  on  the  earth  :-<-hence,  it  may  be  considered  as  being 
the  plane  of  the  earth's  equator,  extended  to  the  starry  firmament*-* 
The  equator,  or  equinoctial,  as  well  as  all  the  other  great  circles  of  the 
spheres,  is  divided  into  360  equal  parts,  called  degrees ;  each  degree  is 
divided  into  60  equal  parts,  called  minutes,  and  each  minute  into  60 
equal  parts,  called  seconds. 

S'*  The  Meridian  of  any  place  on  the  earth,  is  a  semicircle  which 
passes  through  that  place,  cuts  the  equator  at  right  angles,  and  termi- 
nates at  the  poles  of  the  world : — and,  as  every  part  of  the  globe  has  a 
meridian  passing  through  it,  ther^  may  be  as  many  meridians  as  there 
are  points  in  the  equator.  The  meridians  divide  the  great  equatorial 
circle  of  360  degrees  into  24  equal  parts,  each  consisting  of  15  degrees; 
and  since  those  equal  parts  correspond  to  the  exact  measure  of  a  natural 
day  of  34  hours,  therefore,  one  hour  is  equal  to  15  degrees  of  the  equator, 
or  of  hnffitude. — When  the  plane  of  the  meridian  is  ex^nded  to  the 
sphere  of  the  fixed  stars,  it  then  becomes  a  circle  of  right  ascension,  or 
im  hour  circle.  And  circles  of  right  ascension  divide  the  equinoctial 
into  as  many  parts  as  the  terrestrial  meridians,  or  circles  qf  UmgUude^ 
divide  the  equator. 

£  The  First  Meridian  is  an  imaginary  semicircle,  passing  through  any 
remarkable  place  and  the  poles  of  the  world  :  hence  it  is  \arlAlraanf. 
The  English  esteem  that  circle  of  longitude  to  be  the  first  meridian, 
which  passes  through  the  Royal  Observatory  at  Greenwich  3  the  French 
esteem  that  to  be  the  first  meridian  which  passes  through  the  Royal 
Observatory  at  Paris ;  the  Spaniards,  that  which  passes  through  Cadiz^ 
&c.  &c.  &c. 

7*  7^  Zenith  of  any  place  is  the  point  of  the  heavens  which  is  directly 
above,  or  perpendicular  to  such  place ;  and  is,  therefore,  the  elevated 
pole  of  the  horizon.  The  Nadir  is  the  depressed  pole  of  the  horizon,  or 
the  point  diametrically  opposite  to  the  zenith. 

8.  A  Vertical  is  a  great  circle  passing  through  the  zenith  and  nadir, 
intersecting  the  horizon  at  ri^hi  angles. — A  vertical  is  frequently  called 
an  azimuth  circle  i  and  when  it  cuts  the  horizon  in  the  east  or  west 
points,  it  is  then  called  the  prime  vertical : — it  may  also  be  called  a 
circle  of  altitude. 

9.  ne  Horizon  is  a  great  circle  which  is  equally  distant  from  the  ze- 
nith aad  us^dir^  and  which  divides  the  upper  from  the  lower  henur 
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sphere ;  this  is  called  the  truey  or  iherational  horizon,  because  it  passes 
through  the  centre  of  the  earth.  .  The  apparent  or  visible  horizon  is  the 
utmost  apparent  view  which  the  eye  of  an  observer  can  take  either  at 
sea  or  on  land.  The  sensible  horizon  is  that  which  terminates  our  view; 
and  it  is  represented  by  that  great  circle  which  we  see  in  fine  clear  wea- 
ther, when  the  sky,  or  the  azure  vault  of  heaven,  seems  to  rest  upon 
the  earth  or  sea : — and  as  it  may  be  represented  by  a  plane,  passing 
through  the  eye  of  an  observer,  perpendicular  to  a  plumb-line  hanging 
freely ;  it  is  therefore  parallel  to  the  plane  of  the  true  or  rational  hori- 
zon which  passes  through  the  earth's  centre. 

10.  The  Ecliptic  is  a  great  circle  in  the  heavens,  through  which  the 
sun  appears  to  move  amongst  the  fixed  zodiacal  stars ;  but,  in  reality, 
it  is  the  great  circbe  in  which  the  annual  revolution  of  the  earth  is  per- 
formed :  hence  it  represents  the  earth's  orbit.  It  is  denominated  the 
ecliptiCy  because  the  solar  and  lunar  eclipses  cannot  take  place  unless 
the  moon  is  either  in  or  adjacent  thereto ;  viz.  except  the  moon  be 
either  in  or  very  contiguous  to  the  circle  of  the  earth's  annual  path 
round  the  sun. — ^The  ecliptic  cuts  the  equinoctial  in  an  angle  of 
23?27-38^,  which  is  called  the  obliquity  of  the  ecliptic : — this  angle  is 
constantly  diminishing,  at  the  rate  of  about  50  seconds  of  a  d^ree  in 
a  century.  Some  of  the  modem  astronomers  have  endeavoured  to  set 
limits  to  the  diminution  of  the  angle  of  obliquity,  by  asserting  that  it 
will  stop  at  20?  34'  ;  after  which  it  will  begin  to  increase  at  the  rate  of 
50  seconds  in  a  century,  until  it  arrives  at  an  angle  of  2/^8^  :— this, 
however,  is  but  a  mere  fanciful  hypothesis. . 

The  ecliptic,  or  the  earth*s  orbit,  like  all  othet  great  circles,  is  divided 
into  360  degrees ;  and  it  is  further  divided  into  twelve  equal  parts^ 
called  signs ;  the  names  and  characters  of  which  are  as  follow,  viz. 


0.  T  Aries,  the  Ram. 

1.  «  Taurus,  the  Bull. 

2.  n  Gemini,  the  Twins, 

3.  ®  Cancer,  the  Crab. 

4.  SI  Leo,  the  Lion. 

5.  vji  Virgo,  the  Virgin. 


6.  ^  Libra,  the  Balance. 

7.  ni  Scorpio,  the  Scorpion. 

8.  /  Sagittarius,  the  Archer. 

9.  yf  Capricorn  us,  the  Goat. 

10.  ;s?  Aquarius,  the  Waterbearer. 

11.  K  Pisces,  the  Fishes. 


The  signs  in  the  first,  or  left-hand  division  of  the  above,  are  called 
northern  signs,  because  they  are  to  the  northward  of  the  equinoctial  ;— 
when  the  sun  is  in  any  of  these,  his  declination  is  north. — ^Those  in  the 
second,  or  right-hand  division,  are  denominated  southern  signs,  because 
they  lie  on  the  south  side  of  the  equinoctial : — when  the  sun  is  in  any 
of- these,  he  is  said  to  have  south  declination. 

11.  The  points  in  which  the  ecliptic  and  the  equinoctial  intersect 
each  other,  are  called  the  Equinoctial  Points^  or,  the  equinoxes  5— the  sun- 


DEFINITIONS.  399 

enters  one  of  these  on  the  21st  March,  and  the  other  on  the  23rd  Sep* 
lember. — Those  points  of  the  ecliptic  which  are  equidistant  from  tUe 
equinoxes,  are  called  the  solstitial  points^  or  the  solstices ; — the  sun 
enters  one  of  these  on  the  21st  June,  and  the  other  on  the  2l8t  De- 
cember :  hence,  the  first  is  named  the  summer ^  and  the  other  the  tainter, 
solstice.  The  great  circle  which  passes  through  the  equinoctial  points 
and  the  poles  of  the  earth  or  heavens,  is  called  the  equinoctial  colore  ; 
and  that  which  passes  through  the  solstitial  points  and  the  said  poles, 
is  called  the  solstitial  colure. 

12.  7%e  Declination  of  the  sun,  moon,  star,  or  planet,  is  an  arc  of  the 
celestial  meridian  intercepted  between  the  equinoctial  and  the  centre  of 
the  sun,  moon,  star,  &c.;  and  it  is  called  north  or  south,  according  as  the 
sun,  &c.  &c.  is  situate  with  respect  to  the  equinoctial.  And  the  celes- 
tial meridian  may  be  called  a  ciccle  of  declination ;  because  it  is  a  semi- . 
circle  which  passes  through  the  centre  of  a  heavenly  body,  cuts  the 
equinoctial  at  right  angles,  and  terminates  at  the  poles. 

13.  TTie  TYopics  are  two  small  circles,  or  parallels  of  decimation; 
they  are  parallel  to  the  equhioctial,  from  which  they  are  distant 
23f27'38^. — The  tropic  of  Cancer  is  on  the  north  side  of  the  equinoc- 
tial; and  the  tropic  of  Capricorn  on  its  south  side. 

14.  Polar  Circles  are  two  small  circles,  parallel  to  the  equinoctial ; 
from  which  they  are  distant  66?32'22C';  or,  at  the  distance  of 
23?27'38C'  from^ach  pole  of  the  heavens  or  earth. 

15.  The  Right  Ascension  of  a  heavenly  body  is  an  arc  of  the  equinoc- 
tial, intercepted  between  the  circle  of  declination  passing  through  such 
body  and  the  first  point  of  Aries,  measured  according  to  the  order  of 
the  signs  :  or,  it  is  the  angle  at  the  pole  of  the  heavens  which  is  cou- 
tiiined  between  the  vernal  equinox  and  the  celestial  meridian,  or  circle 
of  declination,  which  passes  through  the  celestial  body. 

16.  The  Right  Ascension  of  the  Meridian^  or  mid-heaven,  signifies 
that  point  of  the  equinoctial  which  comes  to  the  meridian  of  any  place 
at  a  given  time. 

17.  The  Culminating  Point  of  a  star,  or  planet,  is  that  part  of  its'orbit 
which,  on  any  given  day,  is  the  most  elevated.  Hence,  a  star  is  said 
to  culminate  when  it  comes  to  the  meridian  of  any  given  place ;  because 
then  its  altitude  is  the  greatest.  The  culminating,  time  of  transit,  and 
meridional  passage  of  a  celestial  object,  are  synonymous  terms ;  each 
of  which  signifies  the  passage  of  a  heavenly  body  over  the  meridian  of 
any  given  place. 

18.  Tlie  Geocentric  Latitudes  and  longitudes,  right  ascensions,  and 
declinations  of  the  planets,  are  their  latitudes  and  longitudes,  right  as- 
censions, &c.,  as  seen  from  the  centre  of  the  earth. 

19.  The  Aphelion  is  that  point  in  the  orbit  of  the  earth,  or  of  any 
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other  planet,  which  is  most  remote  from  the  sun :— 4ht8  point  is  called 
the  higher  Apsii. 

20.  7%«  Perihelion  is  that  point  in  the  orbit  of  the  earth,  or  of  any 
other  planet,  which  is  most  adjacent  to  the  sun.  This  point  is  called 
the  lower  Apniy  being  diametrically  opposite  to  the  aphelion  or  bigher 
Apris. 

21.  The  lAne  of  the  Aprides  is.  a  straight  line  joining  the  higher  and 
the  lower  apsis  of  the  earth,  or  other  planet ;— or,  .it  is  the  imaginary 
straight  line  which  is  drawn  between  the  centres  of  the  sun  and  the 
earth  : — ^hence,  it  may  be  supposed  to  attach  the  earth  to  the  sun ; — ^it 
lies  evenly  between  the  aphelion  and  the  perihelion  points  of  the  earth's 
orbits 

22.  The  Radius  Vector  of  the  earth  is  an  imaginary  right  line^  which 
extends  from  the  centre  of  the  earth  to  that  focus  in  the  transverse 
diameter  of  its  orbit,  in  which  the  sun  is  posited  at  any  given  time ; — or, 
it  may  be  considered  as  being  the  true  line  of  distance  between  the 
centres  of  the  earth  and  sim : — ^hcnce,  it  may  be  called  the  semi-lime  of 
the  igfisides. 

23.  An  OccuUation  is  the  obscuration  or  hiding  from  our  view^  any 
fixed  star  or  planet  by  the  interposition  of  the  moon,  or  by  that  of  the 
body  of  some  other  planet. 

24.  The  TVansit  of  the  first  Point  of  ArieSj  signifies  the  instant  in 
mean  time  when  the  true  point  of  intersection,  which  is  made  by  the 
ecliptic  and  the  equinoctial  at  the  vernal  equinox ^  is  on  the  meridian  of 
the  Royal  Observatory  at  Greenwich. 

25.  The  Nodes. — ^These  are  the  two  opposite  points  in  the  ecliptic^ 
that  are  intersected  by  the  orbit  of  the  moon  or  of  a  planet.  The 
point  where  the  moon  &c.  appears  to  ascend  from  the  south  to  the 
north  side  of  the  ecliptic,  is  called  the  ascending  Node,  and  is  marked 
thus  Q  :  and  the  opposite  point,  or  that  where  the  moon  &c.  appears 
to  descend  from  the  north  to  the  south  side  of  the  ecliptic^  is  called 
the  descending  Node,  and  is  marked  O . 

26.  The  Aspect  of  the  Stai's  or  Planets. — ^This  signifies  their  situation 
with  respect  to  each  other.  There  are  five  aspects,  viz.  i ,  conjunction, 
when  they  are  in  the  same  sign  and  degree ;  ^e ,  sextile,  when  they  are 
two  signs,  or  60  degrees  distant ;  a ,  guartiley  when  they  are  three 
signs,  or  90  degrees,  viz.  the  fourth  part  of  a  circle,  distant ;  A,  trine, 
when  they  are  four  signs,  or  120  degrees,  or  the  third  part  of  a  circle^ 
asunder ;  and  j>,  opposition y  when  they  are  six  signs,  or  180  degrees, 
or  the  measure  of  a  complete  semicircle  from  each  other. 
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EXPLAKATORT.  articles  :  for  iUustratukg  and  reducing  fo  fa- 
miliariiy  all  the  essential  points  and  expressions  in  the  New  Nautical 
Almanac. 

Of  Time. 

1 .  Time  is  divided  into  periods^  cycles^  years,  months,  weeks,  days, 
hours,  minutes,  and  seconds.  But  as  it  is  the  year  and  the  day  that 
chiefly  concern  the  navigator ;  it  is  of  these  that  we  shall  now  particu- 
larly treat. 

2.  A  Year  is  that  period  or  portion  of  time,  in  which  a  revolution  of 
the  earth  round  its  orbit,  with  respect  to  some  fixed  point  in  the  liea- 
vens,  is  completed. 

3.  A  Solar,  or  Tropical  Year^  is  the  interval  of  time  between  two  con- 
secutive returns  of  the  earth  to  the  same  equinoctial,  or  to  the  same 
solstitial,  point; — or,  it  signifies  the  time  that  the  earth  takes  in 
moving  round  the  ecliptic,  from  the  first  point  of  Aries,  till  its  periodical 
return  to  the  same  point  again : — ^this  year  consists  of  365  days,  5  hours, 
48  minutes,  and  48  seconds. 

4.  A  Sidereal  Yedr  is  the  interval  of  time  between  two  consecutive 
returns  of  the  earth  to  the  imaginary  straight  line,  which  is\conceived 
to  pass  through  the  centres  of  the  earth  and  sun,  and  continued  to  a 
given  fixed  star  in  the  firmament  of  heaven  : — this  year  consists  of  365 
days,  6  hours,  9  minutes,  11^  seconds;  being  20  minutes  and  23|-  se- 
conds longer  than  the  solar  year. 

5.  As  the  length  of  the  sidereal  year  cannot  be  clearly  comprehended 
without  a  competent  knowledge  of  the  recession  of  the  ejgtunoctial  paMs, 
commonly  called  ^^  the  precession  of  the  equinoxes,"  I  shall  therefore 
endeavour  to  present  the  reader  with  a  familiar  view  of  the  retrograde 
moiiofi  of  the  equinoctial  points  :  for  it  is  upon  this  that  the  absolute 
length*  of  the  sidereal  year  is  entirely  dependent. 

In  the  following  diagram  let  A  B  C  D  represent  the  orbit  of 
the  earth ;  0,  the  place  of  the  earth  at  any  given  time ;  (§),  son, 
near  the  centre  of  the  earth's  orbit :— let  the  arc,  F  H,  represent  a 
portion  of  the  firmament  of  heaven,  beyond  the  sun,  and  aft  a,  the  place 
of  a  fixed  star.  Let  the  black  line,  or  radius  vector  of  the  earth,  0  S, 
be  extended  to  the  equinoctial  colure  <r>  and  thence  to  the  fixed  star 
at  o ;  and  let  the  three  objects,  vb.  the  earth,  sun,  and  star,  be  in  this 
line  or  oolure  on  the  21  at  of  March  in  any  year.  Now,  while  the  earth 
is  progressing  round  its  orbit  from  west  to  east,  viz.  from  the  point  0 
according  to  the  direction  of  the  letters  and  characters  ^Ey^Ab,  &C., 
&c.,  the  equinoctial  points  nr  and  dtk  are  moving  slowly  in  a  contrary 
direction,  viz.  from  east  to  west;  and  thus,  by  the  time  that  the  earth 
has  arrived  at  the  point  of  the  ecliptic,  ®'>&i,  from  which  it  set  out ; 
the  equinoctial  point  t  will  have  falkn  back  Xo  by  and  4k  X/o  s^  which 
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will  cause  the  equinoctial  colures  to  be  in  the  plane  of  the  dotted  Une 
e  S  i  .—Hence,  this  actual  retrograde  motion  of  tlie  equinoxes  gives  an 


ofpamt  progreasire  motion  to  the  fixed  irtar  at  a  in  the  fimiajnent, 
and  causes  it  to  t^pear  at  the  point  c,  a  little  to  the  eoMlward  of  where 
it  was  seen  the  year  before :  and  therefore  the  earth  must  travel  far- 
tlier,  or  move  on  from  QUiX,  before  it  can  bring  the  sun  and  star  in 
the  same  right  line,  viz.  in  the  dotted  Une  v  S  ^c,  so  as  to  complete. 
the  sidereal  year. 

The  'arc  of  the  ecliptic,  which  is  intercepted  between  the  points 
$  and  v.=:  •¥>  i>  is  the  actual  recarion  of  the  eguinoctiai  poinis,  Ariea' 
and  Libra : — and  the  arc  ir  d,  which  is  similar  to  ^  ;r,  and  equal  tO' 
Uie  arc  a  e,  in  the  starry  firmament,  is  what  is  called  "  the  precession 
of  the  equinoxes." 

Preeetuon  is  evidently  an  incorrect  denomination ;  but,  it  is  in  perfect 
harmony  with  that  optical  illusion,  under  which,  to  an  observer  on  the 
earth  at  ®  a,  the  fixed  star,  a,  will  appear  to  have  advanced  to  the 
eaatward,  or  to  have  described  the  arc  a  e : — ^The  annual  value  of  thia 
arc,  deduced  from  numberless  observations,  is  50|  secouds  of  a  d^ree. 

Now,  because  the  recession  of  the  equinoxes  has  no  reference  to  the 
sun,  S,  but  to  the  fixed  star,  a,  which  is  at  an  infinite  distance  beyond 
it;  therefore  the  earth  will  revolve  from  the  point  0  to  the  point  ® 
again,  and  thus  go  through  the  orbital  circle  of  360  degrees  in  its  an- 
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nual  revolution  round  the  sun,  the  same  as  if  the  equinoctial  points  ^ 
and  <Y»  were  immovable,  or  had  no  retrograde  mption.  Hence,  the 
solar  year  will  be  completed  in  everjf  return  of  the  earth  to  the  same 
relative  point  of  the  ecliptic  ;  at  which  point  it  will  always  arrive,  the 
instant  that  it  has  performed  365. 24222  diurnal  revolutions  round  its 
axis.  But,  with  respect  to  the  fixed  star,  a  ;  while  the  earth  is  moving 
round  the  ecliptic  from  west  to  east,  the  line  of  the  equinoctial  colures, 
marked  ^  0  S  <y>  *  «,  is  moving  in  an  opposite  direction,  or  from  east 
to  west ;  and  therefore  the  earth  and  the  equinoctial  point  ^  will  meet 
at  ^,  before  the  sidereal  year  is  completed. — ^The  fixed  st^r,  a,  will  then 
be,  apparently y  at  the  point  C,  in  the  firmament ;  and  thus  the  earth 
will  have  to  move  from  e  to  Xy  so  as  to  be  in  the  same  right  line  (the 
dotted  line  x  s  d  c)  with  the  sun  and  the  fixed  star,  at  c;  which  com- 
pletes the  sidereal  year. 

The  earth,  in  moving  round  its  orbit,  so  as  to  accomplish  the  sidereal 
year,  must  always  perform  something  more  than  one  diurnal  revolution 
on  its  axis,  beyond  the  number  of  diurnal  turns  which  it  takes  to  gom^ 
plete  the  solar  year.     This,  though  seemingly  paradoxical,  will  be 
easily  comprehended,  by  reflecting  that,  since  the  equinoctial  point  i£v 
is  moving  from  east  to  west,  or  advancing,  as  it  were,  to  meet  the  earth; 
this  retrograde  motion  of  the  equinox  sfiortcns  the  measure  of  the 
earth's  daily  advance  in  the  ecliptic  by  a  certain  portion  of  a  degree, 
which  bears  the  same  proportion  to  the  annual  value  of  the  equinoctial 
recession  ^  e,  that  the  earth's  daily  motion  in  its  orbit  does  to  the  great 
circle  of  363  degrees  : — and,  hence,  by  the  time  that  the  earth,  has  ar- 
rived at  the  point  ^  0,  it  will  have  made  366. 25222  revolutions  upon 
its  axis ;  that  is,  it  will  reckon  one  complete  revolution  and  a  small  frac- 
tion  more  upon  its  axis,  than  it  did  in  performing  the  same  circuit  with, 
respect  to  the  sun.     But,  as  it  must  move  from  0  to  x,  before  the  side- 
real year  is  completed  ;  therefore,  it  will  reckon  the  Jractional  part 
•  00420  beyond  the   above  expression:    thus  making  in   the  whole 
366. 25642  revolutions. 

The  earth,  in  this  respect,  may  be  likened  to  a  ship,  which,  by  sail- 
ing round  the  globe  in  an  easterly  direction,  would  gain  one  complete 
day  by  the  time  that  she  returned  to  the  port  from  which  she  set  out : 
— ^for,  when  a  ship  sails  easterly,  she  advances  towards  the  sun,  and 
therefore  shortens  the  interval  of  time  between  every  two  returns  of  the 
3un  to  her  noon,  or  12  o'clock  meridian  line,  in  proportion  to  the  me- 
ridional distance  made  good  during  that  interval.  Hence,  being  farther^ 
advanced  towards  the  east  every  evening  than  in  the  preceding  morn- 
ings she  will  cause  the  sun  to  set  below  her  western  horizon^  something 
sooner  than  if  she  had  not  so  advanced : — ^and^  therefore^  by  curtidling, 
-each  diurnal  arc  in  proportion  to  the  east  longitude  made  good;,  she  will 
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regiBter  one  day  mere  in  her  log^book  at  her  retunl  (let  the  period  of 
her  circumnavigation  be  ever  so  short  or  ever  so  long),  than  will  be 
reckoned  by  the  inhabitants  of  the  port  or  place  from  whence  she  sailed. 

6.  Although  the  illustration  of  the  diagram  is  sufficient  to  show  that 
it  is  the  recession  of  the  equinoctial  points  which  causes  the  sidereal 
year  to  be  longer  than  the  solar;  yet,  with  the  view  of  elucidating  thb 
curious  subject  in  the  most  ample  manner,  I  shall  arrange  a  few  simple 
proportions,  which  will  not  only  confirm  the  above  fact,  but  also  prove 
that  it  is  owing  to  the  same  cause,  .that  the  earth  takes  a  tUik  bejfemd 
one  diurnal  repoluiion  more  upon  its  axis  to  complete  the  sidereal  year, 
than  it  does  to  finish  the  solar  year« 

The  earth  moves  round  the  ecliptic,  and  Completes  the  tropical  year, 
in  365  days,  5  hours,  48  minutes,  48  seconds,  or  in  31556928  seconds  ai 
mean  solar  time.  The  ecliptic  circle  contains  360  d^rees,  or  1296000  se- 
conda  of  motion.  A  na/ttro/cfajf,  viz.  while  the  earth  is  turning  once  raand 
upon  its  axis,  consists  of  24  hours,  or  86400  seconds,  mean  solar  time« 
Then«-As 31556928!  :  I296000r::864m)fto3548r33018(»59'.8r33;) 
which,  therefore,  is  the  arc  of  the  ecliptic,  that  the  earth  describei 
every  day,  or  the  mean  rate  at  which  it  moves  round  the  ecliptic,  diiriiq; 
the  period  of  making  one  complete  revolution  round  its  axis.  Now^  is 
the  arc  of  the  ecliptic,  thus  described,  is  to  one  diurnal  revolution^  so 
is  the  great  circle  of  the  ecliptic,  to  the  number  of  diurnal  revolutions 
which  the  earth  takes  to  complete  the  solar  year  : — Hence, 

As  3548r33018-.  1  Rev.  ::  1296000^  to  365.24222  revolutions; 
which  is  the  correct  number  of  times  that  the  earth  must  revolve 
round  its  axis,  in  performing  its  annual  circuit  round  the  sun. 

It  has  been  determined  by  numberless  observations,  as  stated  at  bottom 
of  page  302,  that  the  recession  of  the  equinoxes  amounts  to  50i  seconds 
of  a  degree  every  year ;  and  we  have  seen,  as  above,  that  the  earth  ad- 
vances 3548^33018  in  the  ecliptic,  while  it  is  describing  the  great  drde 
of  its  diurnal  revolution ;  and  since  this  circle,  likeall  others,contaun  360 
degrees  or  1296000  seconds,  we  are  thus  furnished  with  the  necessary 
data  for  determining  the  absolute  length  of  the  sidereal  year  :-*^Henoe^ 

As  3548^33018  I  1296000;::  50^25,  to  I8353r42 ;  which  being  colF- 
verted  into  time,  gives  20  minutes  23^  seconds  for  the  excess  of  the 
sidereal  year  above  the  solar :— ^hen,  this  excess  being  added  to  tli6 
wAbx  year,  j^ves  365  days,  6  hours,  0  minutes,  Hi  seconds^  or 
31558151^  seconds ;  which^  therefore,  is  the  absolute  length  of  die 
sidereal  year. 

Now,  observation  shows  that  the  earth  performs  one  diurnal  revolu- 
tion round  its  axis,  viz.  that  it  turns  completely  round  from  any  JUfed 
star  to  the  game  etar  offain^  in  23  hours,  56  minutes,  4. 0966  seconds^ 
or  in  86164,0906  seconds  of  mean  solar  time,— *Iience^ 
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As86I64f0906  :  1  Rev.::31558151 !  .5,  to 366. 26642-;  which,  there- 
fore, is  the  actual  number  of  revolutions  that  the  earth  must  make 
round  its  axis,  to  complete  the  sidereal  year ;  which  is  one  complete  re- 
volution, and  the  fraction  .01420  of  another ,  more  than  it  takes  to 
finish  the  solar  year. 

Having  thus  shown  that  the  excess  of  the  sidereal  year  above  the 
solar,  is  entirely  owing  to  the  retrograde  motion  of  the  equinoxes,  we 
shall  now  resume  the  subject  relating  to  the  consideration  of  time^  from 
which  we  broke  oiF  at  the  end  of  Article  4,  page  301  • 

/•  An  Apparent  Solar  Day  is  the  interval  of  time  between  two  cour 
secutive  transits  of  the  sun  over  the  same  meridian,  as  shown  by  a  cor^ 
rect  sun-dial : — this  species  of  day  is  subject  to  an  incessant  variation^ 
arising  from  the  obliquity  of  the  ecliptic,  and  the  unequal  motion  of 
the  earth  round  its  orbit.  ' 

8.  A  Natttral  Day, — ^This  consists  of  24  hours,  as  shown  by  a  wellr 
regulated  clock,  or  chronometer;  being  exactly  equal  to  the  time  that 
the  earth  takes  to  turn  once  round  upon  its  axis. 

9.  A  Mean  Solar  Day  is  equal  to  the  average  length  of  all  the  days  in 
a  tropical  year,  and  consists  of  24  hours,  3  minutes,  56. 5554  seconds, 
in  sidereal  time  ;  but  of  24  hours,  exactly,  in  mean  or  equable  time. 

10.  A  Sidereal  Day  is  the  interval  of  time  between  two  consecutive 
returns  of  any  fixed  star  to  the  same  meridian  ;  or,  rather,  it  is  the  ab- 
solute time  in  which  the  earth  performs  one  revolution  round  its  axis, 
in  relation  to  a  fixed  star  &r-this  consists  of  23  hours,  56  minutes^ 
4. 0906  seconds,  in  mean  solar  time,  or  24  hours  in  sidereal  time. 

11 .  If  the  earth  had  not  an  annual  motion  round  the  sun,  the  solar 
day  and  the  sidereal  day  would  be  precisely  of  the  same  length  ;  but, 
while  the  earth  revolves  once  round  its  axis,  it  advances  59'8''33  in  its 
orbit  (paragraph  2,  Article  6) ;  and,  therefore,  should  the  sun  and  a 
fixed  star  be  on  the  meridian  of  a  place  on  any  given  day,  the  star  will 
come  to  the  same  meridian  the  next  day,  when  the  sun  is  59'8C'33  short 
of  it : — Hence,  the  earth  must  perform  something  more  than  one  complete 
turn  on  its  axis  ;  or  go  through  an  arc  of  its  diurnal  circle,  lequal  to  the 
measure  of  its  daily  advance  in  the  ecliptic,  before  it  can  bring  tlie  sun 
to  the  same  meridian  again.  The  value  of  this  diurnal  rotatory  arc  of 
excess,  may  be  determined  in  the  following  manner,  viz.: 

As  360  degrees  :  1  Rev.  ::  59^8^33  to  .00273;*  which  is  the  abso- 
lute value  of  the  arc  tliat  the  earth  must  describe  beyond  one  diurnal 
rotatory  turn  upon  its  axis,  before  it  can  cause  the  sun  to  be  upon  the 
s^me  meridian  that  it  was  the  day  preceding.  But,  as  to  the  fixed 
stars ;  they  will  always  return  to  the  same  meridian  at  the  end  of  every 
23  hours,  56  minutes,  4.0906  seconds,  mean  solar  time,  or  24  hour;i 

*  Or,~A9  24  A.  :  1  diurnal  turn  ::  3m.  56i.  5554  to  .00273  of  a  diurnal  turn. 

V 
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sidereal  time : — (or  the  distance  at  wbich  they  are  placed  in  the  finna- 
ment  of  heaven,  beyond  the  nca,  is  so  immeasorably  great,  that  the  diar 
meter  of  the  earth's  orbit,  ccmipared  therewith  (though  upwards  of  190 
millions  of  lofles  in  extent),  dwimdleM  into  a  mere  Amammde99  ptimii 
and  therefore  the  earth  will  bring  the  meridian  of  any  given  fdaee  it 
the  tame  star  again,  at  the  end  of  every  complete  revolution  round  hs 
axis,  the  same  as  if  it  had  no  annual  motion  round  the  edqitic. 

12.  The  equable  motion  erf  the  earth,  mik  rt^ptet  /•  the  fixed  wimm^ 
win  cause  any  given  star  in  the  heavens  to  return  to  the  same  mctidfati 
again,  at  the  end  of  every  complete  diurnal  revolution  round  ita  axis; 
— and  since  this  is  performed  in  23?56M!0906,  mean  solar  time,  cnr  94 
hours  sidereal  time ;  the  fixed  stars,  therefore,  anticipate  3?5S!9094  in 
mean  eolar  tme,  upon  the  sun,  every  day,  or  3?56TS554  in  sidereal  tune. 
The  never-faUing  uniformity  of  this  measure  of  time,  fumiahea  us  wit)i 
an  infallible  standard  for  proving  the  correctness  of  clocks  and  watchci^ 
as  pointed  out  in  the  explanation  of  Table  XLV.  in  pages  117  iuiid  118. 

13.  A  Lunar  Day  is  the  interval  of  time  between  two  consecutive  re- 
turns of  the  moon  to  the  same  meridian :  this,  upon  an  average^  is 
about  24  hours,  48  minutes,  46  seconds.  The  lunar  day  being  so  much 
longer  than  the  solar,  is  owing  to  the  combined  motions  of  the  eacth 
and  moon  :  for,  while  the  earth  turns  once  round  upon  its  axis.  In  24 
hours,  it  advances  59'8T33  in  its  orbit;  but,  during  that  time,  the 
moon,  in  going  through  a  portion  (betwixt  the  29th  and  30th  part)  of 
her  periodical  revolution  round  the  etx^tkj  advances,  at  a  mean  raie, 
13?10'35?02  in  the  ecliptic :  hence,  she  gains,  on  an  average, 
12?  1 1  ^26T69  upon  the  earth  every  day ;  and  therefore  the  earth  cannot 
bring  the  moon  upon  the  same  meridian  that  she  passed  the  day  be- 
fore, until  it  has  described  an  arc  of  12?  II  ^26^69  over  and  above  the 
great  ^circle  of  360  degrees,  which  measures  the  diurnal  circuit  round 
its  c(xis.  This  arc,  reduced  to  time,  is  48^45777^  or,  rejecting  frac- 
tions, 48  minutes  and  46  seconds ;  and,  as  the  arc  of  excess,  thus  de- 
scribed, bears  the  same  proportion  to  a  great  circle,  that  the  Jraetkm 
over  a  diurnal  turn  of  the  earth  does  to  one  complete  revolution  round 
its  axis ;  therefore. 

As  360  degrees  :  12?  11^26^69  ::  1  Rev.  to  .03386^  which  is  the 
value  of  ih^  fraction  of  excess  in  relation  to  one  diurnal  turn: — hence, 
the  earth  must  make  one  complete  revolution  round  its  axis  and  •  03386, 
or  rather  more  than  the  third  part  of  another  turn,  before  it  can  cause 
the  moon  to  transit  over  the  same  meridian  again. 

14.  A  Synodical  Lunation  is  the  interval  of  time  between  two  consecu- 
tive new,  or  full  moons  :  this  consists  of  29  days,  12  hours,  44  minutes, 
and  3  seconds,  mean  solar  time. 

15.  A  Pe^nodical  Lunation  in  Xhc  time  which  the  moon  takes  to  finirii 
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her  revolution  round  the  earth,  with  respect  to  some  fixed  star :  this, 
consists  of  27  days,  7  hours,  43  minutes,  5  seconds,  mean  solar  time. 

16.  The  synodieal  lunation  is  longer  than  the  periodical ;  because^ 
while  the  moon  is  revolving  round  the  earth  from  syzygia  to  syzygia 
again,  she  is  advancing  in  the  ecliptic  at  the  mean  rate  of  13?  10 '35  ^02 
every  24  hours  : — for," 

As  27?7i43r5!  :  360?  ::  1  day  to  13?10:33r02:— but,  during  the 
time  that  the  moon  is  describing  this  arc  of  the  ecliptic,  the  earth 
describes  an  arc  of  69^8^33:— Hence,  13?  10^35^02  -  59^8^33  = 
12?  11^26^69,  is  the  diurnal  excesi  of  the  moon's  motion  in  the  eclip* 
tic,  over  that  of  the  earth.  .Now,*as  12?  11 '26^69  I  1  day  ::  360?  to 
29'12i44?3! ;  which  is  the  correct  measure  of  a  synodical  lunation,  or 
the  true  value  of  the  interval  of  time  between  new  moon  and  new  moou ; 
and  therefore  it  is  2  days,  5  hours,  0  minutes,  58  seconds,  longer  than 
the  periodical  lunation  or  time  that  the  moon  takes  to  revolve  round 
the  earth,  with  respect  to  any  given  fixed  star.  From  what  is  stated 
in  the  four  last  articles,  it  will  appear  manifest  to  the  reader  that  if  the 
earth  had  not  an  annual  motipn  round  its  orbit,  the  moou  would  revolve  * 
round  it,  so  as  to  complete  her  synodical  and  her  periodical  revolutions 
in  the  same  exact  measure  of  time,  viz.  in  27  days,  7  hours,  43  minutes, 
and  5  seconds. 

17*  -^  Lunar  Year  consists  of  twelve  synodical  revolutions : — hence, 
29f  12^44T3!  X  12  s:  354  days,  8  hours,  48  minutes,  36  seconds,  is  the 
correct  length  of  the  lunar  year;  which  is  10  days,  21  hours,  0  minutes, 
12  seconds  shorter  than  the  solar  year.  This  difference  is  estimated  at 
1 1  days  in  round  numbers  ;  and  it  is  upon  this  that  the  epact  is  founded. 

As  the  epact  and  certain  subjects  connected  therewith  are  prefixed 
to  the  Nautical  Almanac,  it  may  not  be  unnecessary  to  make  a  few  ob- 
servations relative  to  ^^  the  principal  articles  of  the  calendar.'' 

18.  7%e  Lunar  Cycle j  or  golden  number,  is  a  revolution  of  19  years  ;  in 
the  course  of  which,  the  conjunctions,  oppositions,  and  other  aspects  of 
the  moon,  wUl/ii//  upon  the  same  days  that  they  did  nineteen  years  before. 

19.  The  Solar  Cycle  is  a  revolution  of  28  years ;  m  the  course  of 
which,  the  days  of  the  month  return  again  to  the  same  days  of  the 
week  on  which  they  fell  28  years  before ;  and  the  leap-years  begin  the 
same  course  over  again,  with  respect  to  the  days  of  the  week  on  which 
the  days  of  the  month  fall : — all  the  variations  of  the  dominical  letters 
will  also  take  place,  and  then  return  in  the  same  order  that  they  did 
twenty-eight  years  before. 

20.  The^ Dominical  Letter  is  the  Sunday  letter  of  the  year;  A,  being 
always  taken  as  the  first  of  January,  or  the  representative  of  New-year's. 
Day.  The  first  seven  letters  of  the  alphabet  are  placed  in  the  calendar 
opposite  to  the  seven  days  of  the  week,  and  that  which  answers  to  Sun- 

x2 
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day  is  called  the  dominical  letter.  If  the  year  consisted  of  965  ^y^ 
exactly^  a  period  of  the  dominical  letters  would  be  completed  in  7  y^vs; 
buty  because  every  fourth  year  is  a  bissextile^  and  contains  366  days,  the 
period  cannot  be  completed  in  a  less  time  than  four  times  seven  (7x4)^ 
or  twenty-eight  years,  agreeably  to  the  revolution  of  the  solar  cycle.   . 

21.  The  Epact  signifies  the  moon's  age  at  the  beginiiing  of  the  yetr, 
viz.  the  interval  of  time  between  the  first  minute  of  the  first  of  Jnnjuxjf 
and  the  first  minute  of  the  last  new  moon  in  the  preceding  month. 

22.  The  Roman  Indiction  is  a  cycle  of  15  years.  It  was  used  by  the 
Romans,  when  masters  of  the  then  known  world,  for  the  purpose  of  in- 
dicating the  times  for  levying  a  periodical  tax  upon  the  inhlibitanta  o£ 
the  conquered  countries. 

23.  The  Julian  Period  is  a  cycle  of  7960  years,  being  the  product 
arising  from  the  multiplication  of  the  cycles  of  the  sun,  moon,  and 
Roman  indiction,  vi:^.  28  x  19  x  15  =  7980  years. 

24.  The  Grand  Celestial  Period,  or  the  Platonic  Day^  is  a  revolution  of 
25791  years ;  in  which  the  annual  retrograde  motion  of  (he  cohares  (see 
pages  between  301  and  305),  at  the  rate  of  50. 25  seconds  of  a  degree, 
iitrill  cause  the  equinoxes  to  move  completely  round  the  ecliptic  : — for. 

As  50r25  :  1  year  ::  360?  to  25791  years.  At  the  end  of  this  long 
period,  and  not  sooner^  all  the  fixed  stars  in  the  firmament  will  return- 
to  the  same  precise  places  that  they  now  occupy ;  and  again  describe 
the  same  circles,  with  respect  to  the  equator  and  the  poles  of  the  earth, 
that  they  describe  at  present  in  the  ethereal  vault  of  heaven.- 

The  respective  values  of  the  cycles,  &c.  mentioned  in  the  above  ar- 
ticles, may  be  easily  determined ;  as  thus  : — 

25.  To  find  the  Solar  Cycle  .-—Add  9*  to  the  given  year  of  our  Lord, 
and  divide  the  sum  by  28 :  the  quotient  will  be  the  number  of  cjreleS' 
since  the  epoch  of  Christianity,  and  the  remainder  the  solar  cycle  for  the 
given  year : — should  nothing  remain,  the  cycle  is  to  be  estimated  at  28. 

26.  To  find  the  Golden  Number: — Add  If  to  the  given  year  of  our- 
Lord,  and  divide  the  sum  by  19 ;  then  the  quotient  is*  the  number  of 
lunar  cycles  since  the  birth  of  Christ,  and  the  remainder  is  the  golden 
number :  if  nothing  remain,  the  goldeh  number  will  be  19. 

27.  To  find  the  Julian  Period: — Increase  the  given  year  of  our  Lord' 
by  1,  and  add  it  to  4712 ;  or,  since  Christ  was  bom  in  the  4713th  year 
of  the  Julian  period;  therefore,  to  the  given  year  add  the  common 
number  4713,  and  the  result  will  be  the  Julian  period  corresponding  to 
the  given  year  of  the  Christian  era. 

^.  To  find  the  Epact  .—Subtract  1  from  the  golden  number  found 
as  above,  multiply  by  1 1  and  divide  by  30 ;  the  result  will  be  the  epact 

for  the  year,  or  the  moon's  age  on  the  first  of  January. 

"  i  —  . 

•  The  Solar  Cycle  wa»  9  at  the  birth  of  Christ.  ' 
t  The  CMden  Number  was  1  at  the  birth  of  Christ. 
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29.  To  find  the  Dominical  Letter  .*-»If  the  day  of  the  week  on  which 
the  first  day  of  the  year  falls  be  known ;  let  A,  be  taken  as  the  first  of 
January ;  B,  the  2d ;  C,  the  3d,  &c.  &c.;  then,  the  letter  answering  to 
Sunday  will  be  the  dominical  letter  for  the  year.  But,  if  the  day  of  the 
week  on  which  the  year  commences  be  not  known,  proceed  as  thus:— 
To  the  given  year  add  its  fourth  part,  rejecting  fractions ;  then  divide 
the  sum  by  7$  &nd  the  remainder  will  be  the  number  of  the  dominical 
letter;  caUing  G,  1  ;  F,  2;  E,  3;  D,  4;  C,  5;  B,  6;  and  A,  0  :— 
should  there  be  no  remainder,  then  A  is  the  Sunday  letter  for  the  year. 
As  the  52  weeks  into  which  the  year  is  divided  contain  but  364  days, 
instead  of  365,  the  dominical  letter,  therefore,  retrogrades  or  falls  back 
one  in  every  succeeding  common  year,  and  two,  when  the  year  consists 
of  366  days  : — hence,  all  leap-years  are  noted  by  two  Sunday  letters, 
viz.  the  letter  which  is  peculiar  to  the  intercalated  year,  and  that  which 
precedes  it  in  the  order  of  the  first  seven  letters  of  the  alphabet,  as  above. 

I  think  it  right  to  observe,  that  the  subjects  which  are  contained  in 
the  articles  from  18  to  the  above,  are  of  such  minor  importance,  that 
they  would  not  be  noticed  in  this  work,  were  it  not  for  the  purpose  of 
keeping  it  m  unison  with  the  Nautical  Almanac.  We  must  now  return 
to  the  further  consideration  of  time,  from  which  we  broke  off  at  the  end 
of  Article  17- 

30.  Apparent  Time  signifies  the  sun's  horary  distance  from  the  meri- 
dian, reckoned  westward  from  the  time  of  transit ;  or,  it  simply  ex- 
presses the  hour  of  the  day,  shown  by  a  correct  sun-dial : — hence,  it 
only  relates  to  the  true  sun,  and  no/  to  any  other  celestial  object. 

31 .  Mean  Time  is  the  hour  which  is  shown  by  an  equable-going  clock  or 
chronometer,  adjusted  to  go  24  hours  in  an  average  solar  day  of  24  hours, 
3  minutes,  56. 5554  seconds,  measured  in  sidereal  time :  it  is  reckoned 
westward  from  the  transit  of  the  mean  sun's  centre  over  the  meridian. 

32.  Sidereal  Time  is  the  hour  which  is  shown  by  a^  well -regulated 
clock,  adjusted  to  go  24  hours  in  a  sidereal  day  of  23  hours,  56  mi- 
nutes, 4.0906  seconds,  measured  in  mean  solar  time.  This  time  is 
reckoned  westward,  from  the  transit  of  the  first  point  of  Aries  over  the 
meridian  ;  and  since  it  is  always  equal  to  the  sum  of  the  right  ascen- 
sion of'the  mean  sun  and  the  mean  time  at  any  given  place  on  the  earth, 
it  is,  therefore,  the  same  as  the  right  ascension  of  the  meridian  \  (defia. 
16,  page  299) ;  and  thus  its  value  is  quite  different  from  the  sidereal, 
time,  which  is  given  in  page  II.  of  the  month  in  the  Nautical  Almanac, 
as  will  be  shown  presently. 

33.  The  Equation  of  Time  is  the  difference  between  the  sun's  true  right 
ascension  and  his  mean  longitude  (in  time),  corrected  by  the  equation 
of  the  equinoxes  in  right  ascension.  This  equation  implies  a  correction 
which  is  additive  to,  or  subtractive  from,  the  apparent  time,  deduced 
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from  an  observation  of  tbc  Bun,  in  order  to  reduce  it  to  equable  or  MM* 
time,  lucb  as  that  shown  by  a  perfect  chronometer. 

34.  The  diurnal  motion  of  the  earth  upon  its  axis  being  perfeiAly 
uniform  at  all  times  throughout  the  year,  the  sidereal  days  are  therefore 
always  of  the  same  exact  length.  But,  owing  to  the  inequalities  of 
the  earth's  annual  motion  in  an  elliptic  orbit,  combined  with  the  obU- 
quity  of  that  orbit  to  the  plane  of  the  equator,  the  length  of  tbe  solar 
day  is  constantly  varying.  And  because  the  ecliptic  is  inclined  to  the 
equator  in  an  angle  of  23°27'38',  the  equable  motion  of  the  euth  <Hi 
its  axis  brings  utiegvat  portions  of  the  ecliptic  to  the  same  meridiui, 
in  equal  portions  of  time ; — and  thus  it  is  that  the  t^ipareiU  fOM,  de- 
duced from  an  observation  of  the  sun,  never  corresponds  with  the 
mean  tme  shown  by  a  well-regulated  clock  or  chronometer,  excej^  «■ 
four  day  of  the  year,  viz.  about  the  15th  of  April,  the  15th  of  Jun^ 
the  3lBt  of  August,  and  the  24th  of  December.  At  all  other  time*  of 
the  year,  the  unequal  velocity  of  the  earth  in  moving  round  ita  oibt^ 
will  cause  the  sun  to  iq>pear  upon  the  »ame  meruHan  a  little  earlier  oc 
a  little  later  every  day,  than  the  time  indicated  by  an  equable-going 
clock  or  chronometer  :  and,  hence,  the  sun  will  appear  to  be  fa^t  or 
before  a  perfect  time-keeper  on  some  days  of  the  year,  and  «&hs, 
or  behind  it,  on  other  days.  This  may  be  familiarly  explained  in  the 
following  manner,  viz.: — 

35.  In  the  annexed  diagram,  let  us  suppose  that  there  are  two  globes, 
a  real  one  and^ 
imaginary  one, 
moving  round 
the  sun  S,  at  the 
centre: — let  the 
real  globe  be 
noted  by  a,  and 
the  imaginary 
one  by  e.  Let 
the  former  move 
in  the  plane  of 
the  equator,  a, 
o,  a,  &c.  with  an 
unequal  motion, 
according  to  the 
order  of  right 
ascension  indi- 
cated by  the  Ro- 
man  numeral ,-  * 
and,  the  latter  in 
-the  plane  of  the 


TIME.  811 

interior  equator,  represented  by  the  dotted  circle  e,  e,  e^  Sic,,  with  an 
uniform  motion,  according  to  the  order  of  right  ascension  indicated  by 
the  common  maneralt  ] ,  2,  3,  &c.,  on  to  24.  The  black  straight  lines 
answering  to  the  common  numerals  are  the  merid'ans  to  which  the  ima^ 
Sfinary  globe  comes  every  day  at  mean  noou.*  The  dotted  straight  lines 
corresponding^to  the  Roman  numerals  I.,  II.,  III.,  &c.,  are  the  apparent 
meridians  to  whioh  the  real  globe  comes  every  day  at  apparent  noon,  in 
its  annual  revolution  round  the  sun  S.  The  letters  A,  B,  C,  D,  repre- 
sent the  four  days  in  the  year,  viz.  the  15th  April,  the  15th  June,  the 
31st  August,  and  the  24th  December;  on  which  the  right  ascensions 
of  the  real  globe  and  the  imaginary  dke  are  equal,  and  on  which  the 
equation  of  time  vanishes. 

Let  the  two  globes  a  and  e  be  on  the  meridian,  in  the  line  S  A>  on 
the  15th  of  April.  On  this  day,  the  right  ascension  of  ifeach  globe  will 
be  about  1  ^33?  :  hence,  as  there  is  no  difference  in  the  right  ascension, 
the  mean  nwrn^  shown  by  a  well-regulated  clock,  that  is  adjusted  to  go 
exactly  24  hours  in  a  mean  solar  day^  will 'Correspond  with  the  apparent 
noon  indicated  by  a  correct  sun-dial.  Now,  whilst  the  imaginary  globe  «, 
moves  at  an  uniform  rate  round  the  dotted  equator,  increasing  its  right 
ascension  by  the  diurnal  fixed  quantity  3'?56!5554,  the  real  globe  a, 
will  move  with  an  unequal  degree  of  velocity  round  the  plane  of  the 
equator,  a,  a,  a,  &c.,  increasing  its  right  ascension  by  unequal  incre*- 
ments,  which  Mrill  be  at  certain  times  of  the  year  greater y  and  at  others 
less,  than  the  above  invariable  quantity.  While  the  two  globes  are 
moving  from  A  to  B,  the  right  ascension  of  a,  being  less  than  that  of  e, 
the  true  globe  comes  to  the  meridian  before  the  imaginary  one ;  and 
thus  its  meridians,  marked  by  the  dotted  lines  S  a  II.,  S  a  III.,  &c. 
fall  to  the  left  hand  of  the  black  meridian  lines  S  e  2,  S  6  3,  &c.  belong- 
ing to  the  imaginary  globe*  :  and  therefore  the  equation  of  time,  or  the 
solar  angle  e  S  a,  contained  between  the  two  meridian  lines,  is  subtracr- 
tive  from  apparent  time,  and  additive  to  mean  time.  The  two  globes 
will  be  in  the  line  S  B  on  the  1 5th  June ;  on  which  day,  as  their  right 
ascensions  will  be  equal,  each  being  about  5t33T,  the  hour  shown  by  a 
well-regulated  clock  will  correspond  with  the  hour  indicated  by  a 
correct  sun-dial,  and  therefore  there  will  be  no  equation  of  time. 

During  the  time  that  the  two  globes  are  moving  from  B  to  C,  thie 
right  ascension  of  a,  being  greater  than  that  of  e,  the  real  globe  will  not 
come  to  the  meridian  until  after  the  imaginary  one ;  and  thus  its  dotted 
meridians  S  a  VII.,  S  a  VIIL,  &c.  fall  to  the  right  hand  of  the  black 
meridian '  lines,  S  e  7,  S  «  8,  &c.  belonging  to  the  imaginary  globe*  ; 
and  therefore  the  equation  of  time,  indicated  by  the  solar  angle  e  S  a, 
or  the  difference  between  the  two  meridian  lines,  is  to  be  applied  by 
addition  to  apparent  time,  and  by  subtraction  to  mean  time. 

f  The  eye  of  the  reader  u  to  be  directed  from  the  centre  S  to  the  circumfereBce. 
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About  the  Sl^t  August  the  two  globes  will  be  in  the  line  S  C,  oil 
which  day  their  right  ascensionis  will  be  equal,  each  being  about 
10^37";  and  because  of  this  equality,  there  will  be  tto' equation  of 
time :  hence,  on  that  day  the  hour-hand  of  a  well-adjusted  clock  mil 
correspond  with  the  horary  shadow  of  a  correct  sun-dial.  As  the  two 
globes  advance  from  C  to  D,  the  right  ascension  of  a  will  be  fett  than 
that  of  e  ;  and  therefore  the  real  globe  will  come  to  the  meridian  earBer 
than  the  imaginary  one ;  and  thus  its  dotted  meridian  lines  S  a  XI., 
S  a  XII.,  &c.  fall  to  the  left  hand  of  the  black  meridian  lines  S  e  llj 
S  e  12,  &c.  belonging  to  the  imaginary  globe*  : — hence,  the  equatioii  of 
time,  indicated  by  the  solar  %ngle  comprehended  between  the  two 
meridian  lines,  is  subtraciive  from  apparent  time,  and  additwe  to  fMe«» 
time. 

The  two  globes  will  be  in  the  line  S  D  about  the  24th  December ; 
on  which  day  their  right  ascensions  will  be  equal,  each  being  about 
18t  lOT  ;  and  because  of  this  equality  the  equation  of  time  vanishes. 

During  the  time  that  the  two  globes  are  moving  from  D  to  A,  the  right 
ascension  of  a  being  now  greater  than  that  of  e,  the  real  globe  will  not 
come  to  the  meridian  until  after  the  imaginary  one  : — hence,  its  dotted 
meridian  lines  S  a  XIX.,  S  a  XX.,  &c.  fall  to  the  right  hand  of  the 
black  meridian  lines  S  e  19,-  S  e  20,  &c.  belonging  to  the  imaginary 
globe ;  and  therefore  the  equation  of  time,  expressed  by  the  solar  angle 
^  S  a,  is  additive  to  apparent  time,  and  mbtractive  from  mean  time. 
From  the  above  it  is  evident,  that  the  equation  of  time  is  the  angular 
distance  in  time,  or  the  solar  angle  which  is  contained  between  the 
places  -of  the  real  globe  and  the  imaginary  one. 

In  the  above  diagram,  the  spaces  comprehended  between  the 
points  A  and  B,  B  and  C,  C  and  D,  and  D  and  A,  are  as  proportional 
to  the  intervening  times  as  the  nature  of  ^he  projection  would  admit 
of: — Thus,  since  A  represents  the  13th  April,  B,  the  13th  June,  C,  the 
31st  August,  and  D,  the  24th  December:  therefore,  the  first  space 
comprehends  an  interval  of  61  days ;  the  second,  an  interval  of  77 
days ;  the  third,  an  interval  of  1 13  days  ;  and  the  fourth,  an  interval  of 
112  days:  making  in  the  whole  363  days.  During  the  61  days  that 
are  included  between  A  and  B,  and  the  113  days  betwixt  C  and  D,  viz. 
between  the  right  ascension  1*337,  and  3*33T,  and  between  the  right 
ascension  10*37"  and  18*107,  the  true  globe  precedes  the  imaginary 
one ;  and,  therefore,  as  it  comes  to  the  meridian  first,  the  equation  of 
time  is  subtractive  from  apparent  time.  But,  during  the  77  days  that 
are  included  between  B  and  C,  and  the  112  days  betwixt  D  and  A,  viz. 
between  the  right  ascension  3*337,  and  10*377,  and  between  the  right 
^cension  18*10-  and  23*337  (viz.  1*33-),  the  real  globe  is  behind  the 
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imaginary  one ;  and,  therefore,  since  it  comes  to  the  meridian  later, 
the  equation  of  time  is  additive  to  apparent  time; — hence,  it  is  manifest 
that  the  equation  of  time  is  subtractive  for  61  4*  115  =  176  days,  and 
additive  for  77  4-  1 12  =  189  days  in  every  year. 

36.  As  the  above  expressions  are  adapted  to  apparent  time,  therefore, 
whenever  mean  time  is  under  consideration,  the  equation  of  time  is  to 
have  a  contrary  sign ;  that  -is,  for  subtractive  read  additive,  and  vice 
versa,  for  additive  read  subtractive.  Hence  it  will  appear  evident,  that 
between  the  15th  April  and  the  15th  of  June,  and  between  the  31st 
August  and  the  24th  of  December,  the  equation  of  time  is  additive  to 
meantime.  But,  between  the  15th  June  and  the  31st  of  August,  and 
l)etween  the  24th  December  and  the  15th  of  April,  the  equation  of  time 
is  subtractive  from  mean  time. 

37.  Since  the  generality  of  astronomers  have  adapted  their  language 
to  th'!  senses,  or  to  the  ideas  immediately  resulting  from  celestial  ap- 
pearances ;  it  is  therefore  usual  in  astronomical  expressions,  to  apply  that 
motion  to  the  sun  which  nature  has  impressed  upon  the  earth.  This  is  to 
be  regretted,  because  it  tends  to  perpetuate  that  optical  illusion  under 
which  the  uninformed  in  astronomy  have  ever  laboured ',  and  which  has 
been  the  means  of  leading  them  into  numberless  extravagant  specula- 
tions in  relation  to  the  heavenly  bodies.  However,  whether  the  earth  be 
in  motion  and  the  sun  at  rest  (as  they  actually  are) ;  or  the  earth  at  rest 
and  the  sun  in  motion,  the  appearance  of  the  heavens  will  be  always  the 
same :  for,  in  whatever  part  of  the  ecliptic  the  earth  moves,  the  sun 
will  be  posited  in  that  point  of  the  firmament  which  is  diametrically 
opposite ;  and  therefore  if  we  notice  what  point  of  the  ecliptic  comes 
to  the  meridian  at  midnight  on  any  given  day,  the  sun  (then  apparently 
^nder  the  earth),  will  be  exactly  180  degrees  distant  from  that  point : — 

^Hence,  so  far  as  calculation  is  in  question,  it  is  perfectly  immaterial 
whether  the  sun  be  at  rest  or  in  motion,  because  the  result  will  be 
always  the  same.  And,  in  consequence  of  this,  we  may  change  the 
terms  used  in  the  diagram.  Article  35,  at  pleasure : — And,  therefore,  if 
we  allow  S  to  represent  the  earth  ;— a  I.,  a  II.,  a  III.,  &c.,  to  represent 
the  real  sun  moving  with  a  variable  degree  of  velocity  round  the  earth 
along  the  circular  plane  of  the  equinoctial  indicated  by  the  points 
a,  a,  a,  &c.,  and  e  1,  e2,  e  3,  &c.  to  represent  an  imaginary  sun  moving 
with  an  invariable  degree  of  velocity  along  the  dotted  equinoctial 
marked  e,  e,  e,  &c. ;  we  will  have  the  true  meaning  of  the  second  para- 
graph in  page  497  of  the  Nautical  Almanac  for  1836,  where  it  is  said, 
*^  An  imaginary  sun,  called  the  mean  sun,  is  conceived  to  move  uni- 
formly in  the  equator  with  the  real  sun's  mean  motion  in  right  ascen- 
sion." Now,  since  the  mean  motion  of  the  real  sun  is  at  the  rate  of 
59' 8^33  per  day  (Article  6,  second  paragraph),  which  in  time  answers 
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to  3T56!5554 ;  thb,  therefore^  is  the  equable  dtunia/  rate  at  which  the 
iniagiuary  sun  is  couceived  to  move  rouud  the  equator :  and  it  is  the 
accumulation  of  this  equable  rate  that  constitutes  the  element  called 
**  Sidereal  Time  "  which  is  given  in  page  II,  of  the  month  in  the  Naor 
tical  Almanac. 

38.  The  imaginary^  or  mean  sun,  and  the  imaginary  first  poini  qfJria 
may  be  esteemed  as  the  synonymies  of  each  other ;  they  are  precisely  of 
the  same  import ;  and,  therefore,  the  right  ascension  of  the  mean  sun 
expresses  the  right  ascension  of  the  first  point  fif  Aries : — ^And  hence  k 
is  that  the  right  ascension  of  the  mean  sun  is  called  sidereal  time  in  the 
Nautical  Almanac ;  and  hence,  also,  that  the  interval  of  time  between 
two  consecutive  returns  of  the  imaginary  or  mean  sun  to  the  same  meri- 
dian, which  consists  of  24  hours,  3  minutes^  56. 5554  seconds,  is  called 
a  mean  solar  day  in  sidereal  time^  Article  9. 

39.  A  mean  solar  day  is  3T56'5554  longer  than  a  natural  day,  which 
consists  of  24  hours  in  mean  time  ;  and  therefore  mean  solar  time  is 
converted  into  sidereal  time  by  the  addition  of  an  equation ;  and  mcr 
versaj  sidereal  time  is  converted  into  mean  solar  time  by  the  subtra/Mm 
of  an  equation ;  as  particularly  explained  in  the  description  of  Tables 
XLY.  and  XLYL,  between  pages  1 17  and  1 19 ;  to  which  the  reader  is 
requested  to  refer. 

40.  Having  thus  touched  upon  the  conversion  of  solar  into  sidereal 
time,  &c.,  it  may  be  advisable  to  notice  the  *'  Tables  of  EU^uivaleni^" 
which  are  given  between  pages  486  and  4@9  of  the  Nautical  Almanac 
for  1836  : — ^The  first  of  these  is  for  the  conversion  of  mean  solar  tune 
into  sidereal  time  ;  the  construction  of  which  is  as  follows,  viz. : 

As  360?  :  24*  ::  360?59:8:33018  to  24?3:56f5554  3  which  is  the 
correct  length  of  a  mean  solar  day  in  sidereal  time,  Article  9.  Now, 
the  twenty-fourth  part  of  this  gives  the  value  of  1  mean  solar  hour= 
1  *0r9?8565,  sidereal  time  :  hence,  2  mean  solar  hours  =  2*0?  19f 7130, 
sidereal  time; — 3  mean  solar  hours  =  3*0T29f5694  sidereal  time, 
&c.  &c. 

Note,^^It  is  the  excess  of  the  minutes  and  seconds  over  the  kour9, 
obtained  in  the  above  manner,  that  is  contained  in  the  second  and  fol- 
lowing columns  of  Table  XLYL,  volume  II.,  page  597* 

41.  The  second  '^  Table  of  Equivalents  "  in  the  Ephemeriis,  or  that 
for  converting  sidereal  time  into  mean  solar  time,  may  be  constructe4>in 
the  following  manner,  viz. . 

As  360?59^8r33018  :  24*  ::  360?  to  23*56T4!0906;  which  is  the 
correct  length  of  a  sidereal  day,  or  the  absolute  space  of  time  that  the 
earth  takes  to  revolve  once  round  its  axis  in  mean  solar  time.  Article  10. 
Now,  the  twenty-fourth  part  of  this  gives  the  value  of  1  sidereal  hour 
=  0t59T50!l704  in  mean  solar  time  i-^henWf  2  sidereal  bours  s* 
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It59r40?3409  mean  soiar  time;-^  sidereal  hours  3=  2t59r30f5113 
mean  solar  time^  &c.  &c  ,  as  in  the  Ephemeris,  page  490* 

Note. — If  the  equivalent*  thus  found  be  subtracted  from  24  hours^ 
the  remainder  will  be  the  equations  in  mean  time,  which  are  contained 
in  the  second  and  following  columns  of  Table  XLV.^  volume  IL,  page 

597- 

42.  The  mean  sun's  right  ascension  (given  in  page  II.  of  the  month 
in  the  Nautical  Almanac  under  the  head  ^^  Sidereal  Time''),  and  the 
"Mean  Time  of  Transit  of  th?  First  Point  of  Aries/'  page  XXII.  of  the 
month  in  the  Ephemeris,  may  be  deduced  from  each  other  in  the  foU 
lowing  manner,  viz. : — Let  th^  mean  sun's  right  ascension  be  9u6^ 
trotted  from  24  hours,  diminish  the  remainder  by  the  corresponding 
equation  in  Table  XLV.,  volume  II.,  page  597,  and  the  result  will  be 
the  mean  time  of  transit  of  the  first  point  of  Aries.  And, .  let  the  mean 
time  of  transit  of  the  first  point  of  ArieSy  in  the  Ephemeris,  be  tn- 
creased  by  the  corresponding  equation  in  Table  XLVI.  y  then,  thiis 
being  subtracted  from  24  hours,  the  result  will  be  ^'  the  siderealf  tim^^" 
or  the  mean  sun's  right  ascension. 

43.  Since  the  equation  of  time  is  measmred  by  the  solar  angle,  which 
is  contained  between  the  two  meridian  lines  that  flow  from  the  centre 
of  the  sun  to  the  centres  of  the  real  globe  and  the  imaginary  one,  as 
appears  evident  by  the  diagram.  Article  35 ;  and  since  those  meridian 
lines  expfess  the  right  ascensions  of  two  objects  (a  real  one  and  a  fieti- 
tfovv),  which,  by  the  substitution  of  terms,  we  may  now  call  the  true 
sun,  and  an  imaginary  or  mean  sun  3  therefore  the  equation  of  tinK^^ 
which  is  given  in  page  II.  of  the  month  in  the  Nautical  Almanac,  is 
simply,  and  bona  fide,  the  difference  between  the  mean  sun's  right  as- 
cension, viz.,  *' Sidereal  Time,"  and  the  true  sun's  right  ascension,  as  * 
given  in  the  same  page. 

44.  Having  thus  shown  the  nature  of  the  new  and  important  element 
called  "  Sidereal  Time  ;"  having  demonstrated  that  it  is  simply  the 
mean  sun's  right  ascension ;  and,  moreover,  having  shown  that  it  is 
esseatially  different  from  the  sidereal  time  which  is  deduced  from  the 
diurnal  revolution  of  the  eardiin  relation  'to  the  fixed  stars  (Articles  K) 
and  32) ;  I  shall  therefore  conclude  this,  article^  by  observing  that,  as 
the  element  in  question  corresponds  with  the  angular  distance  of  the 
first  point  of  Aries  from  the  instant  of  the  vernal  equinox,  it  ought,  by 
analogy,  to  be  denominated  either  the  right  ascension  of  the  first  point 
of  Aries  J  or  the  mean  sun's  right  ascension :  but,  as  the  latter  denomi- 
nation is  evidently  the  most  appropriate  (Article  37) ;  therefore,  through- 
out the  rest  of  this  work  •  the  ^*  Sidereal  Time,"  which  is  given  in 

I  tr     a  ■     ■■  ■  I  I  • 

f  AfUr  arriving  at  the  astronomical  oalculationfl. 
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page  IL  of  the  month  in  the  Nautical  Almanac^  •shall  be  called  tki 
mean  sun's  right  ascension :  because  this  will  conduce  to  obviate  the 
perplexity  which  young  computers  experience  in  consulting  the  bui 
column  of  the  above-mentioned  page  in  the  Ephemeris. 


ON    THE   ADJUSTMENT   AND    USE   OF   NAUTICAL   INSTRUMENTS. 

45.  In  the  foregoing  explanatory  articles  the  young  navigator  is 
presented  with  all  the  points  of  information  that  have  any  relation  to 
the  essentially  important  element  called  ^'Sidereal Time,"  as  well  as  to 
.the  other  species  of  time,  viz.  Apparent  and  Mean^  that  are  fiimiliaff  to 
nautical  astronomers :  and,  on  the  supposition  that  he  has  a  competent 
knowledge  of  the  whole,  we  will  now  make  a  few  remarks  relative  to 
the  adjustment  and  use  of  the  nautical  instruments  that  are  used.fior 
the  purposes  of  celestial  observation. 

46.  The  instruments  made  use  of  at  sea  for  determining  the  latitude 
and  longitude  of  a  ship,  are  quadrants  and  sextants.  *'  But  since 
space  cannot  be  afforded  in  this  work  for  giving"  descriptions  of  thgse 
weU'knoum  instruments^  the  reader' is,  therefore,  respectfully  referred 
to  an  ocular  inspection  thereof,  and  to  a  few  explanatory  hints  from 
some  person  who  is  practically  acquainted  with  them.  A  few  words 
from  an  experienced  navigator  will  convey  more  substantial  informa- 
tion to  a  young  gentleman,  than  if  he  were  to  spend  a  whole  year  in 
poring  over  the  many  treatises  that  have  been  written  by  diffSerent  au- 
thors, relative  to  '^  the  description  and  use  of  the  quadrant  and  sextant/' 

Every  midshipman  in  the  Royal  Navy  who  has  been  about  three 
weeks  at  sea,  is  just  as  well  acquainted  with  the  description  of  the 
quadrant  and  sextant  as  he  is  with  that  of  his  cocked-hat  and  sword; 
and  full  as  familiar  with  the  adjusting- screws  of  those  instruments,  as 
he  is  with  the  steps  of  the  quarter-deck  ladder.  But  there  are  few,  even 
amongst  the  more  experienced  officers,  who  are  so  thoroughly  ac- 
quainted with  the  nature  of  the  ac(;ustments  as  to  be  able  to  determine 
the  absolute  value  of  the  index  error  .*  for  there  is  a  peculiarity  in  the 
index-bar  which  seems  to  have  escaped  the  notice  of  its  makers  ;  and  of 
this  I  shall  endeavour  to  satisfy  the  reader  in  a  subsequent  article. 
Knowing,  from  the  long  experience  of  thirty  years,  that  such  descrip- 
tions are  as  useless  and  unnecessary  as  ^'  the  examination  of  a  young 
.  sea  officer  "  in  certain  books  on  navigation  ;  I  shall  therefore  skip  over 
.them,  and  enter  at  once  upon  the  principal  rectifications  of  which  these 
instruments  are  susceptible:   and  this  becomes  the  more  necessary 


*  And  sometimes  reflecting  circles. 
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since  it  frequently^  happens,  and  not  improperly  so,  that  their  d^just^ 
menis  constitute  a  part  of  the  examination  which  aU  mates  and  midship- 
men must  undergo  before  obtaining  a  lieutenant's  commission ;  which  is 
the  golden  step  ta promotion  in  the  Royal  Naval  Service  of  His  Majesty. 

Adjustment  I. 

To  Set  the  Index-GlasSy  or  Moveable  Reflector,  perpendicular  to  the 

Plane  of  the  Sextant ,  SfC. 

AlJ.  Move  the  index  to  about  60?,  viz.,  to  near  the  middle  of  the  arc 
or  Umb.  Hold  the  sextant  with  its  face  up,  the  index-glass  being  next 
to  the  observer,  and  the  arc,  or  limb,  turned  from  him;  and  keep  it  so 
that  its  plane  maybe  nearly  parallel  to  that  of  the  horizon.  Direct  the 
sight,,  in  an  oblique  manner  to  the  index-glass  or  moveable  reflector;—^ 
(this  is  frequently  called  the  speculum ;) — then,  if  the  reflected  limb 
seen  in  the  glass  be  exactly  in  the  same  plane,  or  unbroken  arc,  with 
that  seen  by  direct  vision,  the  index-glass  is  truly  perpendicular  to  the'* 
plane  of  the  instrument.  But,  should  the  reflected  limb  appear  to  be 
raised  above,  or  depressed  below  the  plane  of  the  real  limb,  th6  glass 
is  not  perpendicular :  in  this  case,  the  screws  at  the  back  of  the  index-^ 
glass  must  be  gradually,  but  most  cautiously,  turned  till  both  limbs 
appear  to  be  in  the  same  plane,  or  to  form  but  one  continued  arc.  ^  III 
the  case  of  a  quadrant,  the  index  is  to  be  set  about  at  45f,  then  proceed 
as  above.  Here  it  may  be  nrted,  that  the  present  adjustment  is  more 
applicable  to  the  quadrant  than  to  the  sextant:  because,  in  all  well-^ 
made  instruments  of  the  latter  denomination,  the  index-glass  is  ren-^ 
dered  so  very  secure  by  the  maker,  that  it  can  never  lose  its  perpendi- 
cularity, so  long  as  the  sextant  is  handled  in  a  proper  manner.  ' 

Adjustment  II. 

To  Set  the  Horizon-Glass,  or  Fixed  Refectory  perpendicular  to  the  Plane 

of  the  Sextant,  ^c. 

48.  The  index-glass,  or  moveable  reflector,  being  adjusted  as  above ; 
set  the  O  on  the  vernier  or  dividing  scale  of  the  index  to  O  or  zero  on 
the  limb  of  the  instrument ;  and  make  the  coincidence  of  these  points 
quite  perfect  by  means  of  the  tangent-screw ^  using  for  this  purpose  the 
magnifying  lens ; — when  perfect,  clamp  the  index  by  means  of  the 
screw  at  its  back.  Hold  the  sextant  with  its  face  up,  or  so  that  its 
plane  may  be  parallel  to  that  of  the  horizon ;  look  through  the  sight- 
vane,  or  through  the  socket  which  receives  the  telescope,  and  direct  the 
sight  to  the  horizon-glass,  or  fixed  reflector ;  then,  if  the  reflected 
horizon  appear  to  be  in  the  same  uniform  plane,  or  continued  straight 
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Ime  with  that  seen  by  direct  viBion,  the  horizoiuglaaB  is  trnl  j  perpoH 
dicular  to  the  plone  of  the  sextant.  But,  should  the'  horizon  seen  hy 
reflection  appear  to  be  eidier  above  or  below  that  seen  direcdy,  the 
upper  adjusting^screw  at  the  back  of  the  horizon-giass  is  to  be  491^ 
fully  turned,  till  the  coincidence  of  the  reflected  and  real  horizons  h 
quite  perfect.  In  making  this  adjustment  for  a  quadrant,  it  is  to  be 
observed,  that  if  the  horizon  seen  by  reflection  be  M^A^r  than  that  sees 
by  direct  vision,  the  screw  which  is  nearest  to  the  glass  in  the  pedcHil 
is  to  be  eased,  and  that  which  is  farthest  from  it  to  be  screwed  tp,  tiB 
the  two  horizons  appear  to  be  in  the  same  plane.  But,  if  the  reflected 
horizon  be  lower  than  that  seen  directly,  the  screw  idiich  is  fiurtfactt 
from  the  horizon-glass  is  to  be  eased,  and  that  which  is  nearest  to  it 
screwed  up,  till  the  coincidence  of  the  reflected  and  real  horizons  iqppesr 
to  be  quite  perfect :  taking  care,  however,  to  leave  both  screws  e^fwall/ 
iiffkt. 

49.  The  above  adjustment  may  be  conveniently  made  in  the  follow-. 
ing  manner,  viz. : — Screw  the  telescope  into  its  place ;  adjust  it  io  db- 
iinct  vision,  and  turn  the  tube  or  eye-part  thereof  until  two  of  the  cross 
wires  are  parallel  to  the  plane  of  the  sextant.  Move  the  iadex^  only 
loosely  cloned,  to  about  zero  on  the  limb :  arrange  the  shades  so  that 
6116  dark  glass  may  intervene  above,  and  another  below  the  fixed  reflee* 
tor.  Hold  the  instrument  with  its /bee  up,  and  direct  the  sight,  throa|^ 
the  telescope,  to  the  sun,  when  its  altitude  is  not  more  than  about  20  or 
30  degrees,  or  when  it  is  not  so  great  as  to  inconvenience  the  observer; 
taking  care  to  hold  it  so  that  its  plane  may  be  parallel  to  the  horizontal 
diameter  of  the  sun.  Move  the  index  slowly,  by  hand,  backwards  and 
forwards ;  then,  if  the  reflected  image  of  the  sun  pass  exactly  over  the 
face  of  the  real  sun,  the  horizon-glass  is  perpendicular  to  the  plane  of 
the  sextant.  But  should  the  reflected  sun  appear  to  pass  a  little  ofooe 
or  below  the  upper  or  the  lower  points  of  tlie  real  sun's  disc,  the  glass 
is  not  perpendicular  to  the  plane  of  the  instrument,  and  therefore  it 
must  be  adjusted,  as  directed  in  Article  48. 

Adjustment  III. 

To  set  the  Horizon-Glass,  or  Fiaed  Reflector,  pamlkl  to  the  Index^ 

Glass,  or  Moveable  Rector. 

50.  The  two  preceding  adjustments  being  completed,  set  the  O 
on  the  vernier  or  dividing  scale  of  the  index,  to  O  or  zero  .on 
the  limb:  clamp  the  index  in  this  position,  and  make  the  coin- 
cidence of  the  points  perfect  by  means  of  the  tangent-screw ;  using 
for  this  purpose  the  microscope  or  magnifying  lens ;  screw  the  tele- 
scope into  its  socket,  adjust  it  to  distinct  vision,  and  turn  the  tube  or 
eye-part  thereof,  until  two  of  the  cross-vnres  are  parallel  to  the  plane  of 
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the  sextant.  Rdse  the  socket  of  the  telescope  by  means  of  the  milled 
screw  at  back  of  the  collar,  until  the  field  of  view  of  the  telescope  is 
fairly  bisected  by  the  line  which  separates  the  «ilvered  and  the  trans- 
parent parts  of  the  horizon -glass.  Hold  the  sextant  in  a  vertical 
position ;  that  is,  with  its  axch  or  limb  thwMifarth.  Look  through 
the  telNcope,  and  direct  the  sight  to  the  horizon :  then,  if  the  reflected 
horizon,  and  that  seen  by  direct  vision  be  exactly  in  the  same  plane, 
the  liorizon-glass  is  truly  parallel  to  the  index*glas8.  But,  should  the 
horir^ns  appear  to  be  broken^  or  not  to  be  in  the  same  continued 
straight  line,  the  lower  adjusting-screw  at  the  back  of  the  horizon- 
glass  is  to  be  very  carefully  turned,  till  the  coincidence  of  the  two  horir 
zons  appears  to  be  perfect. 

It  may  be  right  to  observe  that  the  adjusting-screws  are  placed  differ- 
ently in  different  instruments,  according  to  the'  fancy  of  the  makers. 
In  sextants  of  Berge's  construction,  the  screw  for  the  above  adjustment 
is  placed  towards  the  lower  part  of  the  back  of  tbe  hori^n-glass ;  and 
that  for. the  preceding  adjustment  towards  its  t^jper  part.  * 

In  making  the  present  adjustment  for  a  quadrant,  if  Ihe  horizon 
seen  by  reflection  does  not  coincide  with  that  seen  by  direct  visipn,  eate 
the  milled-^screw  at  the  back  of  the  fixed  reflector,  and  turn  the  nut  at 
the  end  of  the  lever  till  the  two  horizons  appear  to  be  in  the  same  con- 
tinued straight  line ;  then,  fix  the  lever  in  this  position  by  tightening 
the  milled- screw.  In  tightening  this  screw  it  frequently  happens  that 
tbe  coincidence  of  the  two  horizons  becomes  imperfect ;  in  this  case, 
the  adjustment  is  to  be  repeated  until  both  horizons  exactly  coincide. 

51.  The  above  adjustment  may  be  very  correc^y  made  in  the  follow^ 
ing  manner,  viz. :  Arrange  the  shades  so  that  one  dark  glass  may  in- 
terveiA  above,  and  the  other  below  the  ^ed  reflector  :  hold  the  sex- 
tant in  a  vertical  position,  as  befoire,  direct  the  sight  to  the  sun,  through 
the  telescope ;  ease  the  clamp  of  the  index,  and  then  move  the  latter 
gently,  by  hand,  backwards  and  forwards,  so  as  to  cause  the  reflected 
image  of  the  sun  to  pass  up  and  down,  in  a  vertical  manner,  over  the 
face  of  the  real  sun.  Then,  if  the  reflected  sun  pass  so  exactly  over 
the  true  sun  as  not  to  project  beyond  either  its  west  or  its  east  limb ; 
that  is,  either  to  the  right  or  left,  the  fixed  veflector  is  truly  parallel  to 
the  moveable  reflector.  But,  should  the  reflected  image  project  any- 
thing either  to  the  right  or  left  of  the  real  sun,  the  adjusting-^crew 
must  be  carefully  turned,  till  the  two  suns  appear  to  paM  over  each 
other  in  a  direct  vertical  manner. 
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Adjustment  IV. 

To  make  the  Line  of  ColUmation  parallel  to  the  Plane  of  the 

Sextant. 

52.  Note. — The  Line  of  Collknation  is  an  imaginary  straight  line  join- 
ing the  centre  of  refractions  of  the  object-glass  of  the  telescope  %nd  the 
centre  or  middle  point  between  its  parallel  wires ;  at  which  centnl 
point  the  contact  of  the  limbs  of  the  two  objects  must  be  made  iif  the 
act  of  taking  a  lunar  observation.  -  -  *.  ' 

The  mode  bf  making  the  present  adjustment  is  as  follows^  Tix.  :«— 
Screw  the  telescope  into  its  place,  adjust  it  to  distinct  vision^  and  tiini 
the  tube,  or  eye-part  thereof,  until  two  of  the  croM-wiree  are  perfiectlj 
parallel  to  the  plane  of  the  sextant.  Select  two  celestial  objects  whose 
angular  distance  is  not  less  than  a  right  angle :  but,  for  this  purpose  the 
sun  and  moon  are  the  fittest  and  most  eligible  objects,  particularly  whca 
they  are  so  situated  in  the  heavens  that  the  arc  comprehended  betweea 
them  is  nearly  equal  to  a  third  part  of  the  whole  zodiac ;  that  is,  whea 
their  distance  does  not  differ  much  from  120  degrees.  Turn  down  all 
the  coloured  glasses,  or  shades  that  are  above  and  below  the  fixed  re- 
flector, except  one  of  the  darkest,  or  deepest  red,  which  ia  to  be  left 
standing  betwixt  the  fixed  reflector  and  the  index-glass,  so  as  to  protect 
the  eye  of  the  observer  from  the  effects  of  the  solar  rays.  Look  through 
the  telescope ;  direct  the  sight  to  the  sun,  and  cause  its  darkened  image, 
by  moving  the  index  forward,  to  touch  the  moon.  Clamp  the  index, 
*and  make  the  contact  of  the  limbs,  by  means  of  the  tangent-screw,  as 
perfect  as  possible  at  the  wire  nearest  to  the  plane  of  the  sextant : 
then,  without  a  moment's  loss  of  time,  bring  the  point  of  contact 
(taking  great  care  not  to  move  the  index)  to  the  other  wire,  br  that 
which  is  furthest  from  the  plane  of  the  instrument.  Now,  if  the  con- 
tact appears  to  be  perfect  at  this  wire,  the  axis  of  the  telescope  is  truly 
adjusted;  that  is,  its  line  of  collimation  is  perfectly  parallel  to  the 
plane  of  the  sextant.  But,  should  the  limbs  of  the  objects  appear 
to  be  either  separated,  or  to  partly  cover  each  other,  one  of  the  screws 
of  the  collar  in  which  the  telescope  is  fixed  must  be  eased,  and  the  otha 
scretved  up,  until  the  contact  of  the  limbs  appears  to  be  perfect  at  both 
wires. 

53.  Instead  of  meddling  with  the  screws  of  the  collar,  which  should 
never  be  touched,  except  in  extreme  cases,  ttm  following  method  may  be 
adopted,  viz.  : — ^When  the  contact  is  made  at  the  wire  nearest  to  the  • 
plane  of  the  sextant,  let  an  assistant  note  down,  per  watch  that  shows 
seconds,  the  exact  moment  of  contact,  and  the  corresponding  angular 
distance ;  then,  bring  the  point  of  contact  to  the  other,  or  distant  wire, 
and  make  it  perfect  by  means  of  the  tangent-screw  3  the  assistant  not- 
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ing  down,  as  before,  the  exact  moment  of  its  being  perfected,  and  the 
value  of  the  corresponding  angular  distance.  Now,  the  difference  of 
the  times  shows  the  interval  between  the  moments  of  contact,  and  that 
of  the  corresponding  angular  distances,  shows  the  approximate  error  in 
the  line  of  collimation  :  which  error  is  to  b»  corrected  on  account  of 
the  change  of  distance^  during  the  interval  in  the  following  manner, 
viz. : — Aeduce  the  time  of  observation  to  the  meridian  of  Greenwich ; 
with  which  enter  the  Nautical  Almanac,  and  take  out,  amongst  the  dut- 
tance9  for  the  given  day,  the  proportional  logarithm  answering  to  the 
hour  which  immediately  precedes  and  follows  the  Greenwich  time ;  to 
this  add  the. proportional  logarithm  of  the  interval  between  the  mo- 
ments of  contact ;  the  sum  will  be  the  proportional  logarithm  of  a. 
correction ;  which,  being  subtracted  from  the  difference  of  the  angular, 
distances  when  the  limbs  appear  to  be  separated  at  the  distant  wire,  or 
added  thereto  when  they  overlap  or  partly  cover  each  other ;  the  result 
will  be  the  correct  value  of  the  error  in  the  line  of  collimation.  Now, 
this  being  known,  its  absolute  effect  on  any  other  lunar  distance  may 
be  readily  found  by  means  of  Table  XXIII. ;  as  thus,  enter  that  Table 
with  the^error,  or  ^^  inclination  of  the  line  of  collimation,"  at  top,  and 
the  observed  distance  in  the  side  column ;  in  the  angle  of  meeting 
stands  a  correction  which  is  always  subtractive  from  the  observed  dis- 
tance :  and  vhich  may  be  used  afterwards  as  a  constant  quantity  to  be 
applied  to  all  lunar  distances  taken  with  the  same  instrument ;  so  long 
as  the  error  or  incllDation  of  the  line  of  collimation,  remams  unaltered. 

54.  In  sextants  of  Berge's  construction,  the  above  adjustment  very 
rarely,  if  ever,  becomes  necessary ;  because  in  those,  the  collars,  or 
sockets  for  the  telescope  are  so  well  fortified,  and  so  firmly  supported 
that  the  parallelism  of  the  line  of  collimation  must  always  remain  perfect 
so  long  as  the  instrument  does  not  receive  some  violent  shock  :  for, 
the  line  of  vision  is  so  well  guarded,  that  nothing  hxxX,  foul  play  y  such 
as  an  unlucky  blow,  or  a  fall  from  some  height,  can  possibly  turn  the 
axis  of  the  telescope  from  the  true  plane  of  the  sextant. 

To  find  the  Index  Error  of  a  Sextant. 

55.  When  a  sextant  is  duly  rectified  agreeably  to  the  four  preceding 
adjustments ;  it  is  evident  that  it  will  then  be  perfectly  free  from  errors, 
and  therefore  in  a  fit  state  for  either  measuring  the  angular  distances, 
or  for  taking  the  altitudes  of  the  heavenly  bodies.  But,  since  the  ad- 
justing screws  are  liable  to  be  injured  by  much  turning  or  screwing  5 
and,  moreover,  since  frequent  adjustments  have  a  tendency  to  derange 
the  correctness  of-  the  best  instrument ;  it  is,  therefore,  highly  advisable 
to  tighten  all  the  adjusting  screws  at  once,  when  the  sextant  is  perfect ^ 
and  never  to  touch  them  again  except  in  cases  of  absolute  necessity ; 


that  if.  ^3b1c9b  die  pcrpcnfirabrilT  aod  panUdm  of  flhit  t«o 
Um  it  pm^mtiy  d^ttiiwe.     HcBcr,'mftc^  of  adai^dttabofea^M^ 
mcntf.  the  jiulicioos  oboeim  vilL,  in  aD  cMCi^  wad  fli  aU  toDM,  pifiyr 
iDdinf  the  iDdcx  error  of  hb  sextaat:  tfaiaBajrbe  covrmieBdjdsa^ 
aatfaof, — 

56.  Sciev  the  telcscsope  into  its  fockcl,  ad|iist  it  to  £stiiict  rUm 
and  tarn  the  tube  or  ere-port  thereof,  mtfl  two  of  Ae  croit  wirm  mi 
parallel  to  the  plane  of  the  fcxtant.  Raise  die  collar  or  aodtfl  fv 
the  tdeicope,  br  meani  of  the  milled  acrev  at  its  back,  till  the  Mi  o( 
riewof  the  telescope  is  bisected  by  the  fine  which  lepontea  tho  dftnd 

and  the  transparent  parts  of  the  hofizoo-^lasB.  Make  the  O  on  At 
Temier  of  the  index  correspond  with  the  O  or  2ero  on  the  linab ;  thn 
clamp  the  index  mgidemiiff  hgkifvr  oUerrrnikm.  Hold  the  acKtant  k 
a  vertical  position,  and  direct  the  sight,  diroogfa  the  teleaoopCy  lo  At 
horizon  of  the  sea,  when  it  is  clear  and  well  defined : — then,  if  the  rt* 
fleeted  horizon  and  the  real  horizon  be  exactly  in  the  same  planc^  m 
form  erne  comtmmed  sirmgki  ime,  there  will  moi  be  any  error  in  Ac 
index ;  but,  should  the  two  horizons  noi  cameide,  which  very  fire- 
quently  will  be  the  case  wHk  im/mor  imHrwmemiMf  make  th^  oidnci- 
dence  perfect  by  means  of  the  tangent-screw  of  the  index ;  dicn,  thi 
angle  indicated  by  the  remier  on  the  arch  or  limb,  wiM  be  the  inda 
error  of  the  sextant ;  which  will  be  subfnteihre  when  the '  angle  is  sa 
the  arch  ;  that  is,  when  the  O  on  the  vernier  is  to  the  left  tf  Mmr9  on 
the  limb;  but  additive  when  it  is  of  the  arch,  viz.,  when  the  O  on  the 
Tcmier  is  to  the  right  of  zero  on  the  limb. 

57*  The  index  error  may  be  found  with  more  exactness  than  as 
above,  by  adopting  the  following  method,  viz- : — Place  one  or  two  of 
the  dark  screens,  according  to  the  brightness  of  the  sun^  so  as  to  In- 
tervene on  each  side  of  the  horizon-glass ;  bring  the  index  to  sero  on 
the  limb,  and  tighten  its  clamp  sufficient/or  observation :  hold  the  sex- 
tant with  iU  face  up,  and  so  that  its  plane  may  be  parallel  to  the  Asri- 
zontal  diameter  of  the  sun ;  direct  the  sight  to  the  sun,  through  the 
telescope,  move  the  index  forward,  by  means  of  the  tangent-screw,  till 
the  right-hand  limb  of  the  reflected  sun  makes  a  perfect  contact  with 
the  left-hand  limb  of  the  real  sun,  which  is  seen  by  direct  vision 
through  the  transparent  part  of  the  horizon-glass.  Read  off  the  angle 
by  means  of  the  magnifying  lens ;  note  down  its  value,  and  it  will  ex- 
press the  measure  of  the  sun's  diameter  to  the  left  of  zero,  or  of  O  m 
the  arch.  Ease  the  clamp  and  bring  the  index  back  to  zero  on  the 
limb ;  then,  tighten  the  clamp  sufficient  for  observation^  as  directed 
above,  and  move  the  index  backward,  by  means  of  the  tangent-screw, 
till  the  left-hand  Hmb  of  the  reflected  sun  makes  a  perfect  contact  wiA 
the  right-hand  limb  of  the  real  sun.    Read  off  the  angle  by  means  of 
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the  microscope ;  note  down  its  value,  and  it  will  express  the  measure 
of  the  sun's  diameter  to  the  right  of  zero,  or  of  O  off  the  arch.  Now, 
if  both  angles,  or  horizontal  diameters  of  the  sun  be  of  the  same  value, 
there  is  no  index  error  in  the  sextant ;  but,  if  the  diameters  are  of  «fi- 
egual  value,  haff  their  difference  will  be  the  index  error  of  the  instru- 
ment ;  which  will  be  subtractive  when  the  diameter  to  the  Irft  of  zero 
ia  greater  than  that  measured  to  the  right  of  zero ;  otherwise,  it  will  be 
additive. 

Note. — -In  reading  off  the  value  of  the  diameter  to  the  right  of  zero, 
or  €ff  the  arch,  it  must  be  remembered  that  this  is  a  retrograde  opera- 
tion ;  and,  therefore,  it  is  the  complement  of  the  minutes  and  seconds 
shown  by  the  vernier  that  is  to  be  added  to  the  angle  indicated  by  the 
first  point  of  the  index  i — hence,  should  the  vernier  (one  extended  to 
16  minutes)  cut,  or  coincide  at  12^40'';  the  complement  of  this,  or 
2^20^  is  the  true  arc  of  excess  to  be  added  to  the  'angle,  or  divisions  of 
a  degree,  pointed  out  by  O  on  the  index. 

58.  The  above  would  be  a  very  correct  way  of  determining  the  index 
error  of  a  sextant,  provided  the  index-bar  was  inflexible  or  non-elastic, 
and  that  it  had  no  play  round  its  centre  of  motion  :  but,  because  the 
index  is  an  elastic  bar  that  must  be  made  so  as  to  move/reehf  round  its 
centre  of  motion  beneath  the  moveable  reflector ;  it  is,  therefore,  in- 
variably bent,  or  forced  from  the  true  line  of  the  radius  of  the  sextant, 
whenever  it  is  moved  backward  or  forward  by  means  of  the  tangent- 
screw  ;  its  clamp  being  duly  tightened/or  observation :  and  thus,  as  the 
O  on  the  vernier  part  of  the  index  is  forced  beyond  the  extremity  of  the 
direct  line  of  the  radius,  the  angle  measured  by  the  progressive  motion  of 
the  tangent- screw  will  he  something  too  much ;  whilst  that  measured  by 
the  retrograde  motion  of  the  screw  will  be  too  little.  Of  this  singular 
fact  the  reader  can  easily  satisfy  himself  in  the  following  manner,  viz.— 
Move  the  mdex  to  any  degree  on  the  limb,  no  matter  which  ;  but  let 
us  say,  for  the  sake  of  perspicuity,  60? ;  then,  fasten  the  clamp,  and' 
move  the  index  forward  by  means  of  the  tangent-screw,  to  60?30', 
keep  the  sight,  by  means  of  a  good  magnifying  lens,  fixed  upon  this 
point; — now,  suddenly  release  the  clamp,  and  the  spring  of  the  index- 
bar  will  become  perceptible  5  for  it  will  be  seen  to  fallback  something 
upon  the  arch  or  limb.  The  converse  of  this  will  take  place  if  the 
index  be  moved  backward  to  the  same  extent ;  for,  the  instant  its 
clamp  is  released  (this  being  done  suddenly),  it  will  be  seen  to  sparing 
forward  a  little  upon  the  arch  or  limb«  Hence,  it  is  clearly  manifest 
that  the  preceding  method  of  finding  the  index  eiTor  of  a  sextant  is 
subject  to  a  certain  degree  of  incorrectness.  And,  as  this  is  a  subject 
of  vast  importance  to  the  practical  navigator,  I  shall  therefore  discourse 
of  it  more  generally  in  the  foUowing  article, 

Y  2 
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The  true  JUeihodo/faMmg  ike  Index  Error  ^a  Seximt,  90  &m  iogmi 
agauut  the  Error*  armmgfrom  the  FleMUMif  and  ike  Frietiom  ^  (k 
Index-  bar. 

59.  The  customaiy  method  of  finding  the  index  error  of  a  quadrnt 
or  sextant  (as  directed  by  writers  on  the  use  of  these  instmmeifts,)  it 
by  measuring  the  vertical  diameter  of  the  sun  to  the  right  and  left  of  0 
on  the  arch,  with  a  motion  of  the  index  in  contrary  directions  (thai  ii, 
by  bringing  the  reflected  image  to  touch  the  lower  and  upper  limbff  of 
the  direct  object  alternately),  and  then  taking  half  the  difference  of 
those  measures  for  the  index  error  of  the  instrument. — This  method,  it 
must  be  observed,  is  very  far  from  being  correct ;  because  it  is  the  hofi- 
zontal  diameter  of  the  sun,  and  not  its  vertical  diameter,  that  should  be 
measured ;  for  while  the  former  remains  invariably  the  same,  the  latter  ii 
subject  to  continual  alterations,  owing  to  the  effects  of  atmosphericd 
refraction,  as  will  appear  evident  by  an  inspection  of  the  last  column  of 
Table  Y. — Moreover,  since  the  index  is  not  an  inflexible  bar,  and  aince 
it  does  not  turn  upon  its  centre  without  suffering  some  slight  degree  of 
friction ;  it  is  therefore  evident  that  the  measure  of  the  sun's  diameter 
taken  by  the  progressive  motion  of  the  index  will,  in  most  cases,  be 
more  than  the  truth  :  whilst  that  taken  by  the  contrary  or  retrogressive 
motion  will,  in  general,  be  less  than  the  truth  : — ^hence,  the  index  error 
established  upon  the  above  principles  must  frequently  mislaid  the 
mariner  by  rendering  inaccurate  what,  otherwise,  might  be  a  recy  cot' 
rect  observation.  And  this  accounts  for  the  result  of  the  evening  ob- 
servations, taken  on  shore  by  means  of  an  artificial  horizon,  so  very 
seldom  agreeing  with  the  result  of  those  taken  in  the  morning ;  even 
though  all  imaginable  care  be  used,  and  though  the  observer  keeps 
the  same  plane  and  roof  of  the  horizon  directed  to  him  during  the  time 
of  both  observations. 

Now,  to  guard  against  the  errors  arising  from  the  bending  and  the 
friction  of  the  index-bar,  as  well  as  that  proceeding  from  the  contrac- 
tion of  the  sun's  vertical  diameter ;  let  the  following  observations  be 
attended  to,  and  the  joint  effiects  of  the  whole  will  be  obviated. 

First* — ^To  find  the  Error  for  a  Progressive  Motion  of  the  Index  :— 

Screw  the  inverting  telescope  into  its  place.  Arrange  the  shades 
for  observation.  Slack  the  clamp.  Turn  the  tangent-screw  backward 
to  nearly  as  far  as  it  will  go.  Put  the  vemie)*  to  about  1?15'  to  the 
right  of  O  on  the  arch,  and  then  fasten  the  clamp  sufficiently  tight  for 
observation. — Hold  the  sextant  so  that  its  plane  may  be  parallel  to  the 
horizontal  diameter  of  the  sun :  direct  the  sight  to  that  object,  and 
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tarn  the  tangent-screw  forward  until  the  limbs  of  the  sun  seen  by  re- 
flection and  direct  vision  make  a  perfect  contact. — Note  down  the 
angle  and  it  ^nll  express  the  measure  of  the  sun's  diameter  to  the  right 
of  O  on  the  arch. — Direct  the  sight  again  to  the  sun,  and  turn  the  tan- 
gent-screw itill forward  MXiXA  the  opposite  limbs  are  in  perfect  contact: 
note  down  the  angle,  and  it  will  be  tfie  measure  of  the  sun's  diameter  to 
the  left  of  O  on  the  arch. — Now,  if  both  measures  of  the  diameter  are 
the  same,  there  is  no  error  in  the  angles  shown  by  the  progressive 
motion  of  the  index ;  but  if  those  measures  do  not  correspond,  half 
their  difference  is  to  be  taken  as  the  index  error  of  the  instrument, 
which  error  will  be  additive  when  the  diameter  measured  to  the  right 
of  O  exceeds  that  measured  to  the  left ;  otherwise,  subtractive.^Then, 
this  error  is  to  be  considered  as  a  constant  quantity  (so  long  as  the  in- 
strument does  not  meet  with  any  accident),  and  to  be  applied  to  all 
increasinff  angles,  either  of  altitude  or  distance,  which  may  be  taken  by 
the  progressive  motion  of  the  index. 

Agtttn. — To  find  the  Error  for  a  Retrogressive  Motion  of  the  Index : — 

Slack  tUe  clamp.  Turn  the  tangent- screw /onc^arrf  to  nearly  as  far 
as  it  will  go.  Put  the  vernier  to  about  1  ?15'  to  the  left  of  O  on  the 
arch,  and  then  fasten  the  clamp  sufficiently  tight  for  observation.— 
Hold  the  sextant  as  before ;  direct  the  sight  to  the  sun,  and  turn  the 
tangent-screw  backward  until  the  limbs  of  the  sun  seen  by  reflection 
and  direct  vision  make  a  perfect  contact : — note  down  the  angle,  and  it 
will  express  the  measure  of  the  sun's  diameter  to  the  left  of  O  on  the 
arch. — Direct  the  sight  again  to  the  sun,  and  turn  the  tangent-screw 
9iUl  backward  until  the  opposite  limbs  are  in  perfect  contact ;  read  off 
the  angle,  and  it  will  be  the  measure  of  the  syn's  diameter  to  the  right 
of  O  on  the  arch. — Now,  if  both  measures  of  the  diameter  are  the  same, 
there  is  no  error  in  the  angles  shown  by  the  retrogressive  motion  of 
the  index :  but  if  those  measures  do  not  correspond,  half  their  differ- 
ence is  to  be  taken  as  the  index  error  of  the  instrument ;  which  error 
will  be  additive  when  tfee  diameter  measured  to  the  rigTit  of  O  exceeds 
that  measured  to  the  left;  otherwise,  subtractive.  Then,  this  error  is 
to  be  considered  as  a  constant  quantity  (so  long  as  the*  instrument  does 
not  meet  with  any  accident),  and  to  be  applied  to  all  decreasing  angles, 
either  of  altitude  or  distance,  which  may  be  taken  by  the  backward  or 
retrogressive  motion  of  the  index. 

Hence  it  is  very  probable  that  two  errors  may  be  established  for  the 
same  instrument ;  the  one  for  increasing,  and  the  other  for  decreasing 
angles.    The  true  values  of  those  errors  should  be  noted  down  (for  the 
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future  guidance  of  the  obienrer),  with  m  bUck-leid  pencil  on  the  inudc 
of  his  8eztant-ca»e  in  the  following  manner,  vii.  :-^ 


Error  for  the  forward  or  progresiive  motion  of  the  index  OMO*. 
bubtractive. 
Error  for  the  backward  or  retrogressive  motion  of  the  index  1  !4(K 

additive. 

Or  whatever  the  errors  may  be. 

And  thui  the  correct  values  of  the  index  error  will  be  propeilj  de- 
termined, whilst  the  errors  arising  from  the  spring  and  the  frictifln  of 
the  bar,  together  with  that  proceeding  from  the  contraction  of  the  su'i 
vertical  diameter  will  be  all  safely  provided  against. 

60.  Now  the  index  error  of  the  sextant  being  thus  tnily  established^ 
the  instrument  is  properly  adapted  for  making  celestial  obaervaftkisi: 
that  is,  for  taking  the  altitudes,  and  measuring  the  angular  distances  of 
the  heavenly  bodies. 

I.  To  take  the  Sun's  AliUude  at  Sea. 

Gl.  Prep«irc  the  sextant  as  directed  in  Article  50,  omitting  the  tdfls- 
cope,  and  let  one  of  the  darkest  shades  inten'ene  between  the  indot* 
glass  and  the  fixed  reflector.  Slacken  the  clamp,  and  bring  the  Indss 
to  zero  on  the  limb.  Hold  the  sextant  in  a  vertical  position.  Look 
through  the  sight-vane,  or  socket,  direct  the  sight  to  the  sun,  and  his 
reflected  image  will  be  seen  in  the  silvered  part  of  the  horizon-glass: 
move  the  index  forward  by  hand,  till  the  lower  limb  of  the  image  is 
seen  near  to  the  horizon  ;  then  tighten  the  clamp  sufficient  for  observa- 
tion ;  screw  the  telescope  into  its  place,  and  make  the  caniaei  of  the  . 
limb  and  the  horizon  perfect  by  means  of  the  tangent  screw :  taking 
care  that  it  be  made  at  that  point  of  the  horizon  which  is  exactly  under 
the  sun,  and  which  would  be  touched  by  a  plumb-line  let  fall  from  ICi 
centre.  And  to  be  certain  that  the  contact  is  so  made,  give  the  sex- 
tant an  immediate  vibratory  motion,  and  the  reflected  image  will  appear 
to  describe  an  arch  which  will  be  above  the  horizon  at  all  points  exeept 
that  to  which  the  real  sun  is  perpendicular.  Now,  the  sun's  lower 
limb  being  thus  made  to  touch  the  horizon,  the  degrees,  minutes,  add 
seconds  indicated  by  the  vernier,  and  read-off  by  means  of  the  magili* 
fying  lens,  will  be  its  observed  altitude. 

Note. — In  rough  weather,  or  when  the  sea  runs  high  and  the  sUp 
pitches,  the  plain  tube  may  be  substituted  for  the  telescope. 
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II.  To  take  the  Moon's  Altitude  at  Sea. 

m 

62.  Prepare  the  sextant  as  in  last  Article  : — if  the  time  of  observa- 
tion be  at  night,  let  the  green  shade^  or  one  of  the  lightest  red  screens, 
intervene  betwixt  the  two  reflectors  (by  day  this  becomes  unnecessary): 
^-then  proceed  as  directed  for  the  sun  ;  observing  that  it  is  the  rdund 
or  welUdefined  limb  of  the  moon,  whether  it  be  the  lower  or  the  upper, 
that  is  to  be  brought  in  contact  with  that  point  of  the  horizon  on  which 
a  plumb-line  would  fall  If  dropped  from  the  moon's  centre.  Now,  the 
angle  indicated  by  the  vernier,  read-off  by  means  of  the  microscope, 
will  be  the  observed  altitude  of  the  moon's  lower  or  tipper  limb,  ac- 
cording as  it  may  be  enlightei^ed. 

III.  To  take  the  Altitude  qf  a  Star  at  Sea. 

flS.  Set  the  index  of  the  quadrant  or  sextant  to  zero  oh  the  llmb.-^ 
tiolA  the  instrument  in  a  direct  vertical  position :  look  tbroiigii  the 
8)gbt-vane  of  the  quadrant,  or  the  socket  of  the  sextkiit,  as  the  case 
tnay  be,  and  direct  .the  sight  to  the  star  through  the  transparent  part  of 
the  horizon-glass  ;  then,  by  a  slight  motion  of  the  instrument  to  the 
Itft  hand,  the  reflected  image  of  the  star  will  be  seen  in  the  silvered 
part  of  that  glass.  Move  the  index  forward,  by  hand,  and  the  star  will 
appear  to  descend :  continue  the  motion  of  the  index,  in  a  gentle  man- 
lier^ and  follow  the  reflected  image  of  the  star  with  the  eye,  directing 
the  sight  lower  and  lower  till  the  star  seems  to  touch  the  horizon* 
Screw  a  telescope,  with  a  good  field  of  view  and  properly  adapted  to  the 
purpose,  into  the  socket ;  clamp  the  index  sufficiently  tight  for  observa- 
tion; and  make  the  contact  of  the  star. and  the  horizon  perfect  by 
means  of  the  tangent-screw.  Give  the  instrument  an  immediate  vibra- 
tory motion,  of  which  the  eye  is  to  be  the  centre,  so  as  to  be  satisfied 
that  the  reflected  image  of  the  star  touches  the  horizon  exactly  in  a 
point  which  is  perpendicular  to  the  real  star ;  which,  of  course,  will 
always  be  the  shortest  distance  between  the  real  star  and  the  horizon. 
Then,  the  angle  indicated  by  the  vernier,  and  read-off  by  means  of  the 
inicroacope,  will  be  the  observed  altitude  of  the  star's  centre.  Should 
the  horizon  be  ill-defined,  and  the  star  not  very  bright,  the  telescope 
must  be  dispensed  with :  in  this  case  the  observer's  line  of  vision  to  the 
point  of  contact  is  to  be  guided  by  the  sight- vane. 

When  the  altitude  of  the  star  is  considerable,  some  other  star,  be* 
$ide8  the  required  one,  may  appear  by  reflection  in  the  speculum  of 
the  horizon-glass  >  when  this  happens,  the  false  star  may  be  readily 
diatingttished  by  its  tremulous  motion :  for  it  will  dance  in  |he  apecu- 
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lum  as  the  index  is  moved  forward :  and  thus,  there  can  be  no  danger 
of  its  ever  being  mistaken  for  the  real  star ;  because  this  will  appear 
to  remain  stationary  about  the  middle  of  the  fixed  reflector. 

IV.  To  take  the  Altitude  of  a  Ptanet  ai  Sea. 

64.  As  the  diameters  of  Mars  and  Saturn  are  but  of  small  value,  the 
altitudes  of  those  planets  may  be  taken  the  same  as  if  they  were  fixed 
stars,  as  directed  in  the  last  Article  : — observing,  however,  that  it  is 
the  centre  of  the  object  that  is  to  be  brought  in  contact  with  the  hori- 
zon. But,  as  Venus  and  Jupiter  have  very  sensible  diameters,  it  k  the 
lower  limb  of  either  of  these  that  is  to  be  brought  in  contact  with  the 
horizon  :—and,  although  Venus  is  subject  to  all  the  various  phases  of 
the  moon,  yet,  in  the  absence  of  the  $un^  it  is  her  enlightened  limb  that 
will  be  always  next  to  the  horizon  ;  and  therefore  it  is  the  altitude  of  her 
lower  limb  that  is  to  be  taken  at  night.  However,  for  the.  ordinary  pur- 
poses of  navigation,  it  will^  in  general,  be  quite  sufficient  to  bring  the 
centre  of  the  planet  down  to  the  horizon  of  the  sea  : — then,  the  angk 
indicated  by  the  vernier  will  be  the  obsen-ed  altitude  of  the  planet's 
centre,  or  of  its  lower  limb,  as  the  case  may  be. 

V.  To  take  the  Altitude  of  a  Celestial  Object  on  Shore. 

65.  Altitudes  are  taken  on  shore  by  means  of  an  artificial  horiaos. 
And,  in  settling  the  positions*  of  places  in-land  in  an  astronomical  man- 
ner, or  in  ascertaining  the  error  and  the  rate  of  a  chronometer  on 
shore,  the  observer  must,  in  all  cases,  have  recourse  to  an  artificial 
horizon  for  the  purpose  of  taking  the  necessary  angles  of  altitude.— 
But,  as  this  instrument,  unlike  the  quadrant  and  the  sextant,  is  not  to 
be  found  in  the  hands  of  all  nautical  persons,  I  shall,  therefore,  make 
a  few  observations  relative  to  its  description  and  use. 

66.  Although  there  is  a  great  variety  of  artificial  horizons  now  ex- 
tant, yet,  for  the  sake  of  conciseness,  I  shall  only  treat  of  the  two  that 
are  in  my  own  possession.  The  first  of  these  consists  of  a  plane  spe- 
culum, or  polished  plate  of  dark  glass  (4  inches  long  by  3  broad),  fixed 
in  a  brass  frame,  and  standing  upon  three  adjusting  screws :  by  means 
of  these  and  a  spirit-level,  placed  in  different  positions  on  its  surfiice, 
it  may  be  made  perfectly  parallel  to  the  plane  of  the  horizon  :  observing 
that  the  adjusting  screws  are  to  be  turned  until  the  air-biibble  rests  in 
the  middle  of  the  spirit-level  on  the  surface  of  the  speculum. — The  other 
is  the  common,  or  quicksilver  horizon ; — this  simply  consists  of  a  small 
wooden  trough,  about  half  an  inch  deep,  3i  inches  Iftng,  and  2^  inches 
broad  j— into  this  trough  a  few  pounds  of  mercury  or  quicksilver  are 
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poured ;  the  surface  of  which  assumes  when  settled,  agreeably  to  the 
nature  of  fluids,  an  exact  horizontal  plane.  To  prevent  the  mercury 
from  being  rufSed  or  agitated  by  the  action  of  the  wind,  a  roof  is  placed 
over  it,  in  which  arc  fixed  two  plates  of  glass,  the  two  sides  of  each 
plate  being  ground  mathematically  plane  and  parallel  to  one  another  : 
— And,  of  all  artificial  horizons  an  instrument  of  this  description  is  the 
very  best  that  can  be  employed  in  taking  the  altitudes  of  the  heavenly 
bodies. 


Of  the  Use  of  the  Artificial  Horizon;  that  w,  to  observe  the  Altitude  of 
the  Sun,  or  other  Celestial  Object,  with  a  Sextant,  and  an  Artificial 
Horizon. 

67-  In  taking  the  altitude  of  the  sun,  or  other  luminary,  the  observer 
is  to  place  his  artificial  horizon  betwixt  him  and  the  object  selected  for 
observation ;  and  at  such  a  convenient  distance  as  to  see  the  image  of 
that  object  reflected  from  the  middle  of  the  quicksilver  as  well  as  the 
real  object  in  the  heavens  : — then,  having  screwed  the  plain  tube,  or 
the  natural  telescope  of  the  sextant  into  its  place  in  the  socket ;  and 
placed  one  or  two  of  the  dark  screens,  according  to  the  brightness  of 
the  sun,  to  intervene  on  each  side  of  the  horizon-glass ;  the  lower  limb 
of  the  reflected  image  of  the  sun,  as  seen  through  the  erect  or  natural 
telescope,  is  to  be  brought  into  contact  with  the  upper  limb  of  the 
image  reflected  from  the  artificial  horizon : — but,  if  the  altitude  of  the 
upper  limb  of  the  object  be  required,  it  must  be  brought  into  contact 
with  the  lower  Ihnb  of  the  image  as  seen  in  the  artificial  horizon. — 
Now,  the  angle  on  the  arch  of  the  sextant  being  read  off,  and  the  index 
error,  if  any,  applied  to  it,  the  result  will  be  the  double  of  the  sun's,  or 
other  object's  altitude  ^bove  the  horizontal  plane :  to  the  half  of  which, 
if  the  object  be  the  sun,  let  tlie  semi-diameter,  refraction  and  parallax 
be  applied,  and  the  true  central  altitude  will  be  obtained.  This  shall 
be  shown  hereafter. 

68.  Since  neither  the  plain  tube,  nor  the  natural  or  erect  telescope, 
can  be  depended  upon  in  taking  observations  when  rigorous  exactness 
is  required;  the  inverting  telescope  should,  therefore,  be  invariably 
made  use  of,  in  all  cases,  where  angles  of  altitude  are  to  be  measured 
with  astronomical  precision  : — and  here,  perhaps,  it  may  not  be  unne- 
cessary to  state  that  when  the  inverting  telescope  is  used,  the  lower 
limb  of  the  sun,  or  moon,  will  appear  to  be  the  upper  limb,  and  con- 
versely.— Hence,  in  observing  the  altitude  of  the  lower  limb  of  the  sun 
or  moon,  the  apparent  upper  limb  of  the  object,  as  seen  in  the  horizon- 
glass  through  the  inverting  telescope,  is  to  be  brought  into  contact  with 
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the  lower  Hmb  qf  the  image  in  ike  ari^cial  horizon  :*-*in  this  case  the 
fleeted  image  in  the  artificiid  horizon  will  appear  to  be  uppermost.'-^ 
Again^  in  observing  the  altitude  of  the  upper  limb  of  the  sun  or  moonj 
the  appafeni  lower  limb  of  the  olfject,  as  seen  in  the  horizon-glaiss  of  the 
sextant  through  the  inverting  telescope^  is  to  be  brought  into  conted 
with  the  upper  limb  of  the  image  in  the  artificial  horizon : — in  thia  case 
the  reflected  image  in  the  artificial  horizon  will  appear  to  be  undermaat. 

69.  If  an  observer  be  placed  as  remote  from,  or  as  near  to,  an  arti* 
ficial  horizon  as  possible,  the  rays  of  light  passing  from  the  sun  or  other 
celestial  object  to  his  eye,  and  from  that  object  to  the  surface  of  the 
artificial  horizon,  will,  on  account  of  the  immense  distance  of  such  db* 
ject  from  the  earth,  be  physically  equal  and  parallel  in  every  respect  to 
each  other : — hence,  it  is  easy  to  perceive  that  it  is  immaterial  whether 
the  artificial  horizon  be  placed  high  or  low,  remote  or  near^  with  re* 
spect  to  the  observeri  provided  he  can  but  see  the  object's  reflected 
image  therein. 

70.  When  an  angle  of  altitude  is  taken  by  means  of  an  artificial  1|0^ 
rizon,  its  measure  on  the  limb  of  the  sextant  will  always  be  douUe  of 
the  true  value  thereof  above  the  horizontal  plane : — thia  will  appear 
evident  by  considering  that  if  a  person  places  himself  at  any  dietanee 
before  a  plane  mirror,  or  common  looking-glass,  his  reflected  image 
will  appear  just  as  far  behind  such  looking-glass  as  he  is  before  it :-» 
and,  upen  this  simple  principle  it  is  that  the  reflected  image  of  the  BUiit 
or  other  object,  will  appear  to  be  as  far  below  the  surface  of  the  aiti« 
ficial  horizon  as  the  real  object  is  above  it ; — but  since  the  limb  of  the 
real  object,  as  reflected  from  the  index-glass  of  the  sextant,  is  to  be 
brought  into  contact  with  that  of  the  image  apparently  reflected  bdow 
the  surface  of  the  artificial  horizon,  it  is  therefore  muoifest  that  the 
contained  angle,  as  expressed  on  the  arch  of  the  sextant,  must  be  equal 
to  twice  the  measure  of  the  observed  angle  of  altitude  above  the  plane 
of  the  horizon  :-*-and  from  this  we  may  readily  perceive  that  angles  of 
altitude  taken  in  the  above  manner  are  not  affected  by  the  angle  of  hori* 
zontal  depression,  commonly  called  "  the  dip  of  the  horizon/' 

71.  The  principles  of  the  artificial  horizon  may  be  more  clearly  ex« 
plained  in  the  following  manner,  viz.-7-When  a  ray  of  light  flows  from 
the  sun,  or  any  other  celestial  body,  and  falls  upon  the  surface  of  a  murroc 
placed  horizontally,  it  will  be  reflected  in  such  a  manner,  that  the  angle 
which  is  contained  betwixt  the  reflected  ray  and  the  zenith  will  be 
equal  to  the  angle  which  is  contained  between  the  direct  ray  and  the 
zenith*— Hence,  let  a  celestial  object  be  at  any  degree  of  elevation  above 
the  horizon ;  the  angle  of  reflection  Z  C  D,  will  be  always  equal  to  the 
angle  of  incidence  Z  C  A^  as  in  the  annexed  diagram. 
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Let  H  O  represent 
tbe  TisUde  horiaon; 
SS^the  zenitli;  N^the 
luidii';    and  A^  the 
plaee  of  the   eun, 
nifxin^  or  other  ce^ 
lestialobject: — find, 
let  the  small  square 
at  the  centre^  C^  re- 
present the  surface 
of  an  artificial  bori- 
aon^.— Now,  to  an 
observeratthe  point 
S^  tbe  image  of  the 
sun  A|  which  is  re* 
ceived  in  ibe  quick- 
attftralO,  witf  be 
reflectedtohiseyein 
tke direeticm of  C  E:— tben^  by  direcUnghls  ngbt'to  tbe  surfiiee  ot  the 
quiflksilver,  the  solar  image  Will  appett  to  be  tifaatfiterred  to  the  pditit  B  | 
that  is.  It  will  be  seen  in  tbe  line  of  reflection  D  B  C,  coiitinued  to 
B«    But  when  two  straight  lines  cut  one  anotheri  the  opposite  angles 
are  equal ;  therefore,  tbe  angle  B  0  N,  is  equal  to  the  angle  2  C  D  3 
and  since  this  is  the  angle  of  reflection,  which  Is  equd  to  the  mgle  of 
incidence,  therefore  the  angle  B  C  N^  is  also  equal  to  tbe  angle   of 
incidence  Z  C  A  i — Hence,  the  reflected  image  of  the  sun  at  B,  will 
always  appear  to  be  as  far  from  the  nadir  N^  as  tbe  real  sun  at  A  is 
from  the  zenith  Z  j  and,  consequently,  the  reflected  sun  at  B  must  in- 
rariably  appear  to  be  as  far  below  the  horizon  H,  as  the  real  sun  at  A 
la  above  it^— -Now,  the  true  altitude  of  the  celestial  object  is  expressed 
by  the  arc  H  A  >    but,  since  the  round  or  weU-defined  Umb  of  the  ob^ 
jeot  at  A  most  be  brought  in  contact  with  the  Well-deflned  limb  of  the 
reflected  fanage  at  B 1   it  is  thus  mamlfest  that  the  aMf  *A  B,  is  donUe 
the  value  of  the  arc  H  A ;    and^  therefore,  it  is  eq«d  to  ttdce  the  alti- 
tude of  the  celestial  object. — Hence,  it  is  clearly  evident  that  an  angle 
of  altitude  taken  by  means  of  an  artificial  horizon,  must,  after  bemf  Adf 
eorreeied/br  ike  mdew  error  of  the  ee^iMt,  be  divided  by  2,  in  order  to 
obtain  the  correct  value  of  the  observed,  altitude. 

72.  When  the  altitude  of  a  celestial  object  exceeds  60  Sprees,  it  can- 
not be  taken  by  means  of  a  sextant  and  an  artificial  horizon ;  because, 
^in  thia  ease,  tbe  measure  of  the  double  angle  of  sltituda  wmikl  exceed 
the  limita  of  the  gritduated  ntcV  of  the  sextant. 

78«  lu  observing  cfqual  altitudes  by  mecna  of  an  arlifielal  horiaoBi  ot 
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in  taking  a  continued  series  of  altitudes  for  the  purpose  of  deteniiiiiii% 
the  error  and  the  rate  of  a  chronometer ;  it  wilt  be  essenfiaDy  neces- 
sary to  keep  the  same  plane  of  the  glass  roof  of  the  horizon  towmrds 
the  observer  in  each  observation ;  so  that  in  the  event  of  there  beio|f 
any  trifling  defect  in  the  parallelism  of  the  surfaces  of  the  two  plates  of 
polished  glass^  which  form  the  roof  of  the  horizon^  the  error  arising 
therefrom  may  equally  affect  each  observed  altitude.  To  be  certain  of 
always  observing  through  the  same  side  of  the  roof^  it  will  be  advkaUs 
to  make  a  small  mark  in  the  wooden  part  thereof :  then^  this  nuurk 
being  kept  towards  ^he  observer,  in  every  observation^  the  altitndcs 
will  thus  be  prevented  from  being  unequally  affected  by  any  want  of 
parallelism  that  pay  chance  to  be  in  the  planes  of  the  g|ias8  part  of  tiie 
roof, 

74.  In  calm  weather  the  altitudes  may  be  taken  by  reflection  from 
the  quicksilver  without  making  use  of  the  glass  roof: — ^in  like  manner 
they  may  be  taken,  .during  such  weather,  by  reflection  from  a  basin  of 
water;  or,  by  reflection  from  a  cup  of  tar,  treacle,  oil,  or  other  fliud 
and  viscous  substance. 

7&*  Mariners  frequently  supply  themselves  with,  what  maybe  termed, 
a  home-made,  or  eh^buiU  artificial  horizon  ;  the  quicksilver  in  which 
they  shelter  under  a  roof  formed  by  two  squares  of  the  thick  glass  wiUi 
which  ships  are  usually  furnished  : — this  is,  to  say  the  least  of  it^  a  poor 
substitute  : — it  is  vainly  endeavouring  to  accomplish  that,  by  means  of 
a  couple  of  squares  of  common  glass,  which  can  scarcely  be  effected  by 
the  most  highly-finished  and  parallel  planes  tliat  can  possibly  be  .pro- 
duced by  the  labour  and  ingenuity  of  the  most  eminent  optician,  or 
mathematical-instrument  maker:  —  for,  since  the  surfaces  of  those 
squares  are  not  rendered  mathematically  accurate  by  being  ground  .per- 
fectly plane  and  parallel  to  one  another,  the  rays  of  light  will  be  bent 
from  the  true  line  of  refraction  in  passing  through  the  glass  from  the 
sun,  and  again  in  going  out  pf  it  to  the  eye  of  the  observer.  Hence, 
the  angle  of  reflection  cannot  be  equat  to  the  angle  of  incidence ;  and 
thus  the  altitudes  observed  in  such  a  make-shi/l  and  defective  horizon 
will  be  always  erroneous. 


To  take  a  Lunar  Distance ;  that  is,  to  measure  the  Angular  Distance 
between  the  Moon  and  a  given  Celestial  Object. 

I.  To  observe  the  Distance  between  the  Sun  and  Moon. 

T 

■  7^.  Turn  down  all  the  coloured  glasses,  or  shades,  except'  one  of  the 
darkest,  which  is  to  be  left  up  so  as  to  intervene  between  the  two  re- 
flectors, viz.  between  the  index-glass  and  the  horizon-glass.    Ease  the 
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t 

clamp^  and  bring  the  index  to  zero  on  the  limlx  Hold  the  sextant  ao 
that  its  plane  niay  be  parallel  to  the  imaginary  line  joining  the  centres 
of  the  two  objects  ;  with  its /bee' up  when  the  sun  is  to  the  right  of  the 
moon ;  otherwise,  with  its  face  downwards.  Direct  the  sight  to  the  sun 
through  the  socket,  or  hole  for  the  telescope ;  and  move  the  index  f6r- 
ward,  by  hand,  till  the  reflected  image  of  the  sun  is  brought  close  to  the 
moon.  Then  clamp  the  index  sufficiently  tight  for  observation ;  screw 
theinoerting  teleecope  into  its  place ;  adjust  it  to  distinct  vision  ;  turn 
the  tube  or  eye-part  thereof  until  two  of  the  cross  wires  are  parallel  to 
the  plane  of  the  instrument ;  and  raise  the  telescope  by  means  of  the 
milled  screw  at  the  back  of  its  collar,  till  the  field  of  view  is  bisected 
by  the  line  which  separates  the  silvered  and  the  transparent  parts  of 
the  horizon-glass.-— Then  direct  the  sight,  through  the  telescope,  to 
the  objects  ;  and  turn  the  tangent-screw  of  the  index  until  the  limbs  of 
the  sun  and  moon  make  a  perfect  contact^  viz.,  until  they  appear  to 
touch,  like  the  arcs  of  two  circles,  without  cutting  each  other, — Now, 
the  contact  of  the  limbs  being  thus  duly  perfected,  the  angular  distance 
is  to  be  read-off  by  means  of  the  magnifying  lens. 

Note. — ^The  contact  of  the  limbs  n^ust  be  made  perfect  at  the  middle 
point  between  the  two  wires  that  are  parallel  to  the  plane  of  the  sex- 
tant :  because  any  deviation  from  that  point,  with  respect  to  the  plane 
of  the  instrument,  would  cause  the  observed  distance  to  be  something 
more  than  the  truth. 

II.  To  observe  the  Distance  between  the  Moon  and  a  Fixed  Star. 

77*  If  the  moon  be  very  bright,  allow  one  of  the  light-coloured  glasses 
to  remain  up  so  as  to  intervene  betwixt  the  two  reflectors :  then  pro- 
ceed as  directed  for  the  sun,  in  the  above  article,  until  the  image  of  the 
moon's  enlightened  limb  is  brought  close  to  the  star. — Screw  the  teles- 
cope into  its  place,  and  adjust  it  as  pointed  out  in  the  preceding  ar- 
ticle.— Direct  the  sight,  through  the  telescope,  to  the  objects ;  and  turn 
the  tangent-screw  until  the  moon's  bright  and  well-defined  limb  appears 
to  bisect  the  star,  or  until  the  star  seems  to  be  half  off  and  half  on  the 
enlightened  edge  of  the  moon : — ^This  constitutes  the  contact  of  the 
moon  and  a  fixed  star :  which  contact  ought  to  be  made,  if  possible,  at 
the  middle  point  between  the  two  parallel  wires,  as  stated  in  the  Note 
to  Article  76. — But  as  those  wires  cannot  be  distinctly  seen  at  night, 
except  about  the  time  of  the  opposition  or  full  moon,  the  observer  must 
endeavour  to  make  the  contact  as  near  to  the  centre  of  the  field  of  view 
of  the  telescope  as  he  possibly  can.-»Now,  the  angle  indicated  by  the 
vernier  on  the  limb  of  the  sextant  being  read-off,  the  result  will  be  the 
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observed  distance  between  the  neareiipaini  of  the  nooD*0-efdlgktMMd 
limb  and  the  centre  of  the  star. 

iSTo/e.— When  the  moon  is  to  the  right  of  the  star^  the  sextant  is  to 
be  held  with  its  face  upwards ;  but^  if  to  the  left,  with  ita  ftice  down* 
wards. 

III.  7b  obeerve  the  Distance  between  the  Moon  and  a  PUtntt. 

• 

78.  As  the  semi-diameters  of  Mars  and  Saturn  are  but  insignificant 
in  point  of  measure,  the  moon's  distance  from  either  of  these  may  be 
observed  in  the  same  manner  as  if  it  were  a  fixed  star :  that  is,  the 
nearest  point  of  the  moon's  enlightened  limb  is  to  be  brought  in  contact 
with  the  centre  of  the  planet,  so  as  to  bisect  its  disc.     But,  since  the 
semi-diameters  of  Venus  and  Jupiter  are  of  considerable  values,  the 
contact  must  be  made  with  one  of  their  limbs. — Since  Jupiter  ^w^MT^f 
the  appearance  of  a  perfect  circle,  all  parts  of  its  circumference  being 
equally  well  defined ;  therefore,  the  nearest  point  of  the  moon's  en- 
lightened limb  may  be  brought  in  contact  with  the  nearest  Kmi  of  that 
planet : — ^This  will  cause  the  semi-diameter  of  Jupiter  to  be  always  ai- 
diiive;  whilst  that  of  the  moon  will  be  additive  or  subtractive,  accord- 
ing as  her  enlightened  limb  may  be  directed  to,  or  turned  from  the 
planet. — But,  since  Venus  assumes  all  the  various  phases  of  the  moon, 
from  the  crescent  to  the  enlightened  hemisphere,  except  that  of  never 
being  quite  full  or  completely  round ;  and  sis  her  enlightened  limb  may 
be  turned  /o,  or  from,  the  moon  according  to  circumstances  ;  therefore 
a  degree  of  caution  must  be  observed,  so  as  to  guard  against  falling  into 
an  error  in  bringing  the  moon  in  contact  with  her  enlightened  Umb;.  as 
thus  : — ^W^hen  Venus  is  an  evening  star,  it  is  her  western  Umb  ;  bat  whet 
a  morning  star,  it  is  her  eastern  limb,  that  is  enlightened  and  weU«de# 
fined ;  and  therefore  it  is  with  such  limb  that  the  enlightened  one  of 
the  moon  must  be  brought  in  contact.     Hence,  at  any  time  between 
the  new  moon  and  the  full,  Venus  being  an  evening  star,  if  the  moon 
be  west  of  the  planet,  it  is  her  remote  limb  that  is  to  be  l>rought  in 
contact  with  the  nearest  limb  of  Venus  :  in  this  case,  the  moon's  semi^ 
diameter  becomes  subtractive  from,  and  that  of  Venus  additive  to,  the 
observed  distance ; — but,  if  the  moon  be  east  of  the  planet,  her  nearest 
limb  is  to  be  brought  in  contact  with  the  remote  limb  of  Venus ;  and 
this  will  cause  the  moon's  semi-diameter  to  be  additive  and  that  of  Venns 
subtractive. — Again,  at  any  time  between  the  full  moon  and  the  new, 
Venus  being  a  morning  star,  the  converse  of  the  above  takes  place ;  viz. 
if  the  moon  be  west  of  the  planet,  it  is  her  nearest  limb  that  is  to  be 
brought  in  contact  with  the  remote  limb  of  Venus ;  but  if  the  moon  be 
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east,  her  remote  limt)  is  to  be  brought  in  contact  with  the  nearest  limb 
of  Venus  :— in  the  first  part  of  tkii  case^  the  moon's  semi-diameter  be- 
comes additivey  and  that  of  Venus  subtractive;  and  in  the  second  part, 
the  moon^s  semi-diameter  becomes  subiractive  from,  and  that  of  Venus 
additive  to  the  observed  distance.'^-This  subject  shall  be  treated  more 
amply  in  a  subsequent  page. 

•  • 

The  Method  of  takit^  a  Complete  Set  of  Lunar  Observations. 

79*  In  taking  a  regular  set  of  lunar  observations,  three  assistants 
become  necessary ;  two  of  whom  are  to  obsetVe  the  altitudes  of  the' 
objects  at  the  same  time  that  the  distance  is  measured  by  the  principal 
observer ;  the  other,  having  a  watch  that  shows  seconds,  is  to  note  the 
time  when  the  observations  are  made.  Now,  the  index  errors  of  thtf 
sextant  and  quadrants  being  accurately  determined,  the  assistants  are 
to  place  themselves  in  the  most  convenient  situation  with  respect  to 
the  principal  observer :  then,  all  are  to  begin  observing  at  the  same 
time;  and  when  the  principal  observer  has  brought  the  limbs  of  the 
sun  and  moon,  or  the  enlightened  limb  of  the  moon  and  a  star  or  planet 
into  contact,  he  is  to  ask  the  assistants  if  they  are  all  iready ;  then,  on 
being  answered  in  the  affirmative,  as  soon  as  he  has  made  a  perfect 
contact  of  the  limbs  of  the  objects,  (as  directed  in  Articles  76,'  77y  apd 
78),  he  is  to  make  it  known  to  his  assistants  by  calling  out  ^/c^.  The 
person  having  the  watch,  and  being  provided  with  a  pencil  and  paper, 
is  to  mark  down  the  exact  moment  that  the  Word  stop  is  uttered : — ^ 
then  the  principal  observer  is  to  read  off  the  angular  distance  ^  and  the 
other  two  observers  the  altitudes,  which  are  to  be  written  down  in  sue- 
cession  after  the  time^  and  on  the  same  horizontal  line.  In  this  man- 
ner let  the  observations  be  repeated  till  about  five  sets  are  taken, — 
Now,  the  sums  of  the  times,  the  distances,  and  the  altitudes,  being 
divided  by  the  number  of  sets ;  t\)e  result  will  be  the  mean  time,  mean 
distance,  and  mean  altitude  respectively :  and  thus,  a  complete  set  of 
lunar  observations  will  be  obtained. — ^This  will  be  practically  illustrated 
in  a  subsequent  page  on  the  longitude. 

80.  As  reference  will  have  to  be  made  occasionally  to  the  three  n^yft 
Tables  (given  in  pages  610*  and  611*  of  the  second  volume),  on  va- 
rious important  points  connected  with  the  longitude,  it  may  be.adti- 
sable  to  speak  of  them  here  before  entering  into  the  intik>duct017 
problems.  - 
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Table  A.* 

Efuaiwn  of  Stamd  DifferemetM^  far  corrtctimg  ike  Approxkmaie  Mi 

Time  at  Grettucick. 


When  the  moon  either  approaches  or  recedes  from  a  fixed  starj  or 
other  celestial  object  that  is  exactly  situate  in  the  line  of  her  path 
round  the  zodiac,  the  Greenwich  time,  corresponding  to  a  compiled 
lunar  distance,  will,  in  general,  be  sufficiently  correct : — but,  when  her 
motion  is  an  oblique  direction  with  respect  to  the  position  of  a  fixed 
star,  &c.,  the  time  deduced  from  the  computed  distance  will  not  be 
quite  correct;  for,  in  some  cases  it  will  differ  more  than  50  seconds 
from  the  truth. — Hence,  whenever  a  rigid  degree  of  exactness  becomes 
necessar}',  a  correction  must  be  applied  to  the  Greenwich  time  answer- 
ing to  the  computed  distance,  on  account  of  the  irregularity  of  the 
moon's  motion,  in  relation  to  the  object  with  which  she  may  be  com- 
pared.  This  correction  is  contained  in  Table  A,  Volume  II.,  page 
610* ;  the  arguments  of  which  are,  at  top,  the  difference  between  the 
proportional  logarithms  that  stand  opposite  to  the  two  lunar  distances, 
in  the  Nautical  Almanac,  which  are  next  greater  smd  next  less  than  the 
computed  distance  ;  and,  in  either  tlie  left  or  right-hand  column,  the 
portion  of  time :  in  the  angle  of  meeting  stands  the  corresponding  coi^ 
rection. — ^Thus,  let  the  difference  between  the  proportional  logarithnis 
answering  to  two  adjacent  distances  in  the  Ephemeris  be  84,  and  the 
portion  of  time  1^20'!' 15! ;  theuj  under  84,  at  top,  and  opposite  to 
1  ^20'!'  in  one  of  the  side  columns,  stands  26  seconds ;  which  is  the  coT" 
rection  of  the  Greenwich  time. — Although,  when  the  moon  is  in  a 
favourable  position  for  observation  with  respect  to  the  fixed  stars,  the 
differences  of  the  proportional  logarithms  in  the  Nautical  Almanac  vnA 
seldom  exceed  90 ;  yet  cases  frequently  occur  in  which  those  differ- 
ences will  far  exceed  the  limits  of  the  Table.  When  this  happens,  take 
the  sum  of  the  equations  answering  to  any  two  tabular  differences  that 
will  make  up,  or  come  nearest  the  given  one  ;  and  it  will  be  the  required 
correction. — ^Thuis,  the  difference  between  the  proportional  logarithms 
corresponding  to  the  distances  between  the  moon  and  Fornalhaut  at 
midnight,  and  XV.  hours  on  the  24th  August,  1836,  per  Nautical 
Almanac,  is  186: -now,  let  the  portion  of  time  be  1*20T15!  j — then, 
since  90  and  96  will  make  up  the  given  difference ;  therefore,  under 
those  numbers  and  opposite  to  1^20?  stand  28  and  30  respectively; 
the  sum  of  which,  or  58  seconds,  is  the  required  correction.     The 

*  See  Nautical  Al.nanac  for  1836,  page  484. 
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equation  thus  found  is  to  be  applied  by  addUion  to  the  (Computed  time 
at  Greenwich,  when  the  proportional  logarithms  are  decreasing;  bat 
by  subtraction  when  they  are  increasing ;  as  will  be  shown  hereafter. 

81.  The  above-mentioned  equations  maybe  computed  in  the  follow- 
ing manner,  viz.  :•— Let  the  difference  of  the  proportional  logarithms, 
answering  to  the  lunar  distances  in  the  Ephemeris,  be  esteemed  as  a 
whole  number  :  then,  to  the  logarithm  of  this",  increasing  the  index  by 
unity  or  1,  add  the  logarithm  of  the  interval  in  time ;  the  logarithm  of 
its  complement  to  3  hours,  and  the  constant  logarithm  8. 142667*  ; — 
the  sum,  abating  10  in  the  index,  will  be  the  logarithm  of  the  equation 
in  sectmds. 

Eitample. 

Let  the  difference  between  the  proportional  logarithms  answering  to 
two  lunar  distances  in  the  Ephemeris,  be  80,  and  the  interval  or  portion 
of  time  lMO*j  required  the  corresponding  equation  ? 

Difference  of  proportional  Logarithms  80.  Logarithm  =  2. 903090 
Portion  of  thne  lMOr=  ....  1*1667  Logarithm  .  0.066959 
Complement  of  ditto  to  3  hours  =  .  1. 8333  Logarithm  .  0. 263233 
Constant  Logarithm 8. 142667 

Equation,  as  required  =  .  .  .  .  23  f  77  Logarithm  .  1.375949 
Hence,  the  correction  answering  to  80  and  ItlOT  is  24  seconds  in 
whole  numbers. 

82.— Table  B,  Volume  II.,  page  611.* 

Reduction  of  Latitude  on  account  of  the  Oblate  Spheroidal  Figure  of  the 
Earth  ;  or,  to  reduce  the  Geographical  to  the  Geocentrical  Latitude. 

In  the  explanation  of  Table  XLI.,  which  is  given  in  page  105, 
the  ratio  of  the  equatorial  semidiameter  of  the  earth  to  its  polar  semi- 
axis,  has  been  assumed  at  230  to  229,  agreeably  to  the  Newtonian  hy- 
pothesis ;  and  therefore  the  excess  of  the  spherical  above  the  elliptic 
arch,  in  the  latitude  of  45  degrees,  north  or  south  of  the  equator,  has 
been  et^timated  at  1 1  f53''  : — this,  however,  does  not  exactly  correspond 
with  modern  calculations ;  for,  since  the  ratio  of  the  earth's  equatorial 
radius  to  its  polar  semi-axis  is  now  admitted  to  be  as  305  to  304,  as 
estabUshed  by  the  French  philosophers  ;  therefore,  the  excess  of  the 
spherical  above  the  elliptic  arch  in  the  mean  parallel  of  latitude  is  no 
more  than  1 1 '  17^.      The  spherical  excess  signifies  the  angular  distance 

*  Th«  log.  arithmetical  complement  of  72,  viz.  24  x  3, — three  hours  being  the  common 
interval  between  the  lunar  dittancea  in  the  Nautical  Almanac. 
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Sp:;c-r!«:til  txc^^s  =  .  •  .  C77' — Logarithm  .  •  2. 
or.  ir  17'  ;  '^r-ich.  therefore.  :*  the  correct  OMffuI&r  Aimue 
tht  ctntral  end  tht  cffffCrtM  zenithj  c/  g%  ciserrer  mi  the  meam  parmMi 
or,  the  true  reduction  of  latirjcie  ca  account  of  the  oblate  sphcradil 
f:.':re  o:  x':j:  r^rrh.  ir.  the  parillel  of  45  desree*  north  or  south  of  tllC 
f-fjiitor. — Xo'.r  t:.;«  ^k'.t.z  kr.o-:rr.,  the  reduction  corresponding  to  any  i 
'/';•.'  r*  !  .t>  ;'I':-  rjetJiixt  the  equator  and  the  Poles  may  be  determined  in 
t!jf:  fo!io'.vii.'g  r.iai:rier,  vi/. : — 

'1  he  {fco^rapliical  latitude  at  the  uiean  pcraUel  being  diminished  by 
the  hphorical  exccs.s,  the  result  will  be  the  geocentrical  htitnde:— 
Iicncf ,  -Lj  —  I  r  17"  =44  48! 43' ;  the  log.  co-tangent  of  which,  re- 
j<-ctiij^  raillu!?,  is  0. 002S50. — Now,  this  {taken  as  a  constant  fuaniiijf) 
hc'iu'j  hubtracted  from  the  log.  tangent  of  any  given  latitude,  the  re- 
mainder will  be  the  loi^.  tangent  of  such  latitude  reduced  to  the  obhte 
splicroidal  figure  of  the  earth :  the  difference  between  which  and  the 
given  latitude  will  be  the  tabular  reduction  of  latitude;  as  thus  :— 

To  reduce  the  Geographical  Latitude  50  degrees  to  the  Geocentrical 

Latitude. 

(jivcn  geographical  latitude  =  50  T'  —         Log.  tangent  10.  Q70186 
(*onHtnnt  quantity,  as  above 0. 002850 


(jcocentrical  latitude 


•     • 


49 :48 :  53  'f  Log.  tangent  10. 0/3336 


Difference 


.11'  7^  i    which,  therefore,  is  the 
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reduction  of  latitude  in  the  parallel  of  60^  north  or  south  of  the  equa^' 
tor ; — and  In  the  same  manner  were  all  the  equations  in  Table  B 
determined. 

Note. — In  taking  out  the  equations  from  the  present  Table,  propor-? 
tion  must  be  made  for  the  excess  of  the  minutes  above  the  given  degree  t 
this  may  be  readily  done  ;  viz. : — ^As  60  minutes  are  to  the  difference 
of  correction  between  the  two  degrees  that  are  next  greater  and  next 
less  than  the  given  degree ;  so  are  the  minutes  of  latitude  to  the  re* 
quired  equation  ^.--^but,  in  general,  the  equation  may  be  taken  out  at 
sight,  without  the  trouble  of  making  any  proportion ;  and  it  is  always 
to  be  applied  by  subtraction  to  the  geographical  latitude. 

83.— Table  C,  Volume  II.,  page  61 L* 

Logarithmical  Radius  of  the  Earthy  for  redudng  the  Moon's  fforizoniat 
Parallax  to  the  Earth's  Oblate  Spheroidal  Figure. 

In  treating  of  ttie  reduction  of  the  moon's  hdrhsontal  parallax  lit 
piCgea  104  and  105,  the  ratio  of  the  polar  axis  to  the  equatorial  diameter 
of  the  earth  was  assumed  at  229  to  230,  as  established  by  Newton,  and 

the  compression  of  the  Poles  as  -rkv ' — Agreeably  to  that  ratio,  taking 
the  equatorial  diameter  of  the  earth  at  7317*  5  English  miles,  its  polar 
axis  would  be  7883. 7  miles ;  which  is  33.  8,  or,  in  round  numbers,  84 
miles  less  than  the  diameter  at  the  equator.— Modern  philosopherd 
however,  have  given  up  Newton's  ratio,  and  substituted  in  its  stead 
the  mean  of  the  two  ratios  that  were  determined  by  Le  Lande  and  De- 
lambre.  This  mean  ratio  makes  the  polar  axis  be  to  the  equatorial 
diameter  as  304  to  305  :-»-Therefore,  taking  the  equatorial  diameter  of 
the  earth  at  791 7« 5  English  miles;  its  polar  diameter  wiU  be  7891.5 
miles ;  which  is  but  26  miles  less  than  the  diameter  at  the  equator ; 
hence,  the  polar  radius  is  only  13  miles  less  than  the  equatorial  radius  ; 
and  this  is  found  to  correspond  with  the  phenomena  which  should  arise 
from  the  precession  of  the  equinoxes,  and  the  nutation  of  the  earth's 
axis. — And  since  it  thus  appears  that  the  equatorial  radius  of  the  earth 
is  to  the  polar  semi-axis  in  the  ratio  of  305  to  304  j  therefore,  the  com- 
pression of  the  Poles  is  ^''\1l''^  =  t^,  instead  of  jh l  as  in  page  105. 
Now,  since  the  greater  the  diameter  of  the  earth,  the  greater  must  be 
the  value  of  the  moon's  horizontal  parallax ;  and,  vice  versa,  the  less  the 
diameter  of  the  earth,  the  less  will  be  the  value  of  the  moon's  hori- 
zontal parallax ;— therefore,  since  the  polar  semi-axis  of  the  earth  is  13 
miles  less  than  the  equatorial  semidiameter ;  and,  consequently,  since 
the  radius  of  the  earth  must  diminish  at  every  point,  from  the  equator 
to  the  Poles,  so  must  the  value  of  the  moon's  horizontal  parallax.— The 
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diminution  of  the  moon's  horizontal  parallax  may  be  computed  agree- 
ably  to  the  formula  in  page  105,  by  substituting  the  constant  k^^tbn 
7.517126  (the  log.  arith.  comp.  of  304),  for  that  given  io  the  rule. 
But,  since  it  is  more  convenient,  in  general  practice,  to  deduce  the 
value  of  the  moon's  horizontal  parallax  from  the  earth's  radius, 
therefore,  assuming  the  equatorial  semidiameter  of  the  earth  as  unity 
or  1,  the  relative  value  thereof  at  any  point  of  the  meridian,  "betwixt 
the  equator  and  the  Poles  of  the  world,  may  be  readily  determined  In 
the  following  manner,  viz.  :— 

From  the  logarithm  of  the  polar  radius,  subtract  half  the  logarithm 
of  the  sum  of  the  polar  and  equatorial  radii : — ^Then;  let  the  remainder 
be  subtracted  from  the  log.  sine  of  the  latitude  ;  and  the  result  will  be 
the  log.  tangent  of  an  arc :  the  log.  co-sine  of  which  will  be  the  loga- 
rithm of  the  radius,  or  of  the  semidiameter  of  the  earth  in  the  given 
parallel  of  latitude. 

Example, 

Let  the  equatorial  radius  of  the  earth  be  1 ;  the  ratio  of  the  equa- 
torial to  the  polar  semidiameter  as  305  to  304,  and  the  latitude  of  the 
place  50?,  north  or  south;  to  find  the  logarithm  of  the  earth's  radins: 
in  that  latitude :  ;    ' 

Polar  radius 304— Logarithm     .     .     2.482874 

Polar  radius  +  equatorial  radius  =  609  lialf  its  logarithm  .  1 .  392306 


Remainder       .     .  1.090566 
Given  parallel  of  latitude  =50?     .      Log.  sine     .     .     .  9.884254 


Arc= 3?33:30r  Log.  tangent  .     .8.793688 

•  ■ 

Now,  the  log.  co-sine  of  this  arc  is  9. 999162  j  which,  therefore,  is 
the  logarithm  of  the  earth's  radius  in  the  given  parallel  of  latitude  j— 
and  in  this  manner  were  all  the  logarithms  in  Taible  C  computed. 

Now,  to  the  log.  sine  of  the  moon's  horizontal  parallax  {reduced  to 
the  meridian  of  Greenwich)  y  add  the  tabular  log.  radius  of  the  earth 
corresponding  to  the  given  degree  of  latitude  {reduced  to  the  oblate 
figure) ;  the  sum,,  abating  10  in  the  index,  will  be  the  log.  sine  of  the 
moon's  diminished  equatorial  horizontal  parallax. — Or,  to  the  common 
logarithm  of  the  moon's  horizontal  parallax  in  secondSy  add  the  tabular 
log.  radius  of  the  earth  ;  the  sum,  abating  10  in  the  index,  will  be  the 
logarithm  of  the  moon's  horizontal  parallax  reduced  to  the  oblate 
figure  of  the  earth. 

Note.'^The  dementarv  principles  upon  which  the  logarithmical 
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rules  in  Articles  82  and  83  are  founded^  may  be  seen  by  referring  to 
Mr.  W.  S.  B.  Woolhouse's  admirable  Paper  on  Eclipses ;  which  is 
given  as  an  Appendix' to  the  Nautical  Almanac  for  1836^  between 
pages  55  and  58. 

84.  Having  thus  explained,  in  the  preceding  Articles  and  Definitions^ 
every  point  of  importance  in  the  new  Nautical  Almanac^  we  shall  now 
proceed  to  the  consideration  of  such  problems  as  may  be  deemed  intro- 
ductory to  the  Science  of  Nautical  Astronomy. 


INTRODUCTORY  PROBLEMS  TO  THE  SCIENCE  OP 

NAUTICAL  ASTRONOMY. 

It  may  be  necessary  to  premise,  that  throughout  the  astronomical 
part  of  this  work  the  time  will  be  reckoned  agreeably  to  the  mean  solar 
day,  viz.  from  mean  noon  to  mean  noon,  or  from  0  to  24  hours,  the  same 
as  in  the  Nautical  Almanac,*  without  paying  any  regard  to  the  nautical 
or  civil  division  of  time  at  midnight : — this  will  conduce  much  to  sim* 
plicity,  as  well  as  to  uniformity ;  and  do  away  with  that  confusion 
which  frequently  arises  from  the  nautical  distinctions  of  A.  M.  and 
P.  M.,  when  the  time  at  a  given  place  is  to  be  reduced  to  the  meridian 
of  the  Royal  Observatory  at  Greenwich. 

Problem  I. 

To  conve7*t  Longitude  or  Paris  of  the  Equator  into  Time. 

Rule. 

Multiply  the  given  degrees  by  4,  and  the  product  will  be  the  corre- 
sponding time : — observing  that  seconds  multiplied  by  4  produce  thirds ; 
minutes  multiplied  by  4  produce  seconds,  and  degrees  multiplied  by  4 
produce  minutes,  which,  divided  by  60,  give  hours,  &c. 


Example  1. 

Required  the  time  correspond- 
ing to  12?40:45r  ? 

Given  degrees  =  12?40M3': 
Multiply  by     ....  4 

Corresp.  time  =       0*50?43?0f 


Example  2. 

Required  the  time  correspond- 
ing to  76?20'30r  ? 

Given  degrees  =  76^20^30^ 
Multiply  by     ....     4 

Corresp.  time  =       6!5?22!0f 


*  See  the  fourth  paragraph,  page  498  of  the  Nautical  Almanac  for  1836. 
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Pboblkm  II. 
To  convert  Time  into  Longitude,  or  parte  of  the  Egu&tor. 

Rule. 

Reduce  the  hours  to  minutes^   to  which  add  the  odd  minuteSj  if 
auy ;  then^  the  muiutes  divided' by  4  ^ve  degrees }  the  seconds  dini 
by  4  give  minutes^  and  the  thirds  divided  by  4  give  seconds. 


Example  1. 

Required   the   degrees   corre- 
sponding to  0M7  "36  r  ? 

Given  time  =  .     0*47"36? 

-  Divide  by  .     •    4)  47"36! 

Corresp.  deg.  =  .    ll?54r  Or 


Example  2. 

Required   the  degrees   c6rre< 
spending  to  9*25 T37!  ? 

Given  time  =  .     .  9*25 r37! 


Divide  by 
Corresp.  deg. 


.   4)  565r37? 
141?24fl»r 


The  above  problems  may  be  readily  solved  by  means  of  Table  I  :-^ 
the  principles  upon  which  they  are  founded  are  set  forth  in  the  para- 
graph which  follows  the  Examples  in  page  2. 


^im^ 


Problem  III. 

Given  the  Time  under  a  known  Meridian^  to  find  the  corresponding  Thne 
at  Greenunch  .-^or,  to  reduce  the  Mean  Time  at  any  place  to  the 
Meridian  of  Greenunch. 

Rule. 

Let  the  given  mean  time  be  always  reckoned  from  the  preceding  noon, 
to  which  apply  the  longitude  of  the  place  in  time  (reduced  by  Pro- 
blem I.) 9  by  addition,  if  it  be  tvest,  or  subtraction,  if  east ;  the  sum,  or 
difference,  will  be  the  corresponding  mean  time  at  Greenwich. 

Note.^'This  Rule  is  general;  but  it  is  subject  to  certain  conditions, 
viz.  :^In  west  longitude,  Mhen  the  sum  is  less  than  24  hours,  it  will 
express  the  mean  time  at  Greenwich  past  noon  of  the  given  day  3  bul^ 
when  it  is  greater,  then  the  sum,  minus  24  hours,  will  be  the  niean  time 
at  Greenwich  past  noon  of  the  day  following  the  given  one. 

Agfdn.^In  east  longitude,  the  difference  will  be  the  mean  time  at 
Greenwich  past  noon  of  the  given  day :  but  when  the  time  at  ship  is  /est 
than  the  longitude  in  time,  it  is  to  be  increased  by  24  Hburs  : — in  this 
case,  the  increased  time  minus  the  longitude  in  time  will  be  the  mean 
time  at  Greenwich  past  noon  of  the  day  preceding  the  given  one. 
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Example  1. 

January  Sth^  1836^ — Required  the  corresponding  times  at  Greenwich 
when  itis4;40rl3!  and  21*60T45!,  at  a  ship  in  longitude  80?53a5:' 
West? 


First  Time. 

Mean  time  at  ship    .    4 1 40?  13  f 
Long.80?53n6r  W. 

in  time  =»    ...    5. 23. 33 


Mn.  time  at  Green\r.  10*  3r46? 
past  noon  of  the  given  day. 


Second  Time. 

Mean  time  at  ship    .  21  !50r45  ? 
Long.80?53!15rW. 

in  time  =  .     .     .     5.23.33 


Mn.  time  at  Orecnw.  3?  Uri8! 
past  noon^  Jan.  the  9th^  or  the 
d^y  following  the  given  one. 


Example  2. 

February  10th,  1636,— Required  the  corresponding  times  at  Qreeu- 
wich,  when  it  is  20M1741!  and  ai40735!,  at  a  ship  in  longitude 
g8?14:45r£ast? 


First  Time. 

Mean  time  at  ship    .  20!  1 1741 ! 
Long.  98?  14M5r  E. 

in  time  =    .     •     .    6. 32. 59 


Mn«  time  at  Greenw.  13738T42! 
past  nood  of  the  given  day. 


Second  Time. 

Mean  time  at  ship   .    2!4073o! 
Long.98?14^45r  E. 

in  time        •     •     •    6. 32. 59 


Mn.  time  at  Greenw.  20*  7736! 
pastnoon^  Feb,  the  9th,  or  the 
day  preceding  the  given  one. 


Problem  IV. 

Given  the  Time  at  Greentvichy  to  find  the  con-esponding  Time  under  a 

known  Meridian. 

Rule. 

Let  the  given  mean  time  be  always  reckoned  from  the  preceding  noon, 
to  which  apply  the  longitude  of  the  place  in  time  (reduced  by  Problem  |. 
as  above),  by  addition  if  it  be  east,  or  subtraction  if  west ;  and  the  sum, 
or  difference,  will  be  the  corresponding  time  under  the  given  meridian. 

Example  1 . 

When  may  the  emersion  of  the  first  satellite  of  Jupiter  be  observed 
%t  Trincomalee,  in  longitude  81?22f  E.,  which,  by  the  Nautical  Al- 
manac, happens  vA  Greenwich,  March  6th,  1836|  at  7i6?19! }  . 
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Mean  time  of  emersion  at  Greenwich  =    •     •     •    7*  6?19- 
Longitude  of  Trincomalee  81  ?22'.  E^  in  time  =r    fi.  25.28 

Mean  time  of  emersion  at  Trincomake  =  .     .     .  I2t31?47' 

Example  2. 

When  may  the  immersion  of  the  first  satellite  of  Jupiter  be  obaend 
at  Port  Royal,  Jamaica,  in  longitude  76^62'30T  W.,  which,  by  theNiih 
tical  Almanac,  happens  at  Greenwich,  Nov.  6th,  1836,  at  15^49?55!  ? 

Mean  time  of  immersion  at  Greenwich  =     .     •     15'49?S5' 
Longitude  of  Port  Royal  76?52'30rW.,  in  time  =  5.   7.30 

Mean  time  of  immersion  at  Port  Roval  =     .     .     10t42T25t 

As  the  above  problem  is  the  converse  of  Problem  IIL,  the  longitude 
in  time  is  therefore  applied  to  the  given  mean  time  with  a  con/rary  mgn^ 
viz.,  by  subtraction  in  westy  and  addition  in  ea$t  longitude.  It  it  par- 
ticularly useful  in  looking  out  for  tlie  approximate  times  of  obeerriBl 
the  eclipses  of  Jupiter's  satellites. 


Problem  V. 

To  Reduce   the   Mean    Suu'8  Right  jUcension    (viz.   the    "  Sidereal 

Time,"  which  is  given  in  page  XL  of  the  Month  in  the  Nautical 

Almanac,)    to   any  given   Meridian,   and  to   any  Time  under  that 
Meridian. 

Rule. 

Turn  the  longitude  into  time  (Problem  I.,  page  341),  and  add  it  to 
the  mean  time  at  ship  or  place,  if  it  be  west,  but  subtract  it  if  east; 
the  sum,  or  difference,  will  be  the  corresponding  mean  time  at  Green- 
wich, subject  to  the  conditions  in  Problem  IIL,  page  342. — ^To  the 
mean  time  at  Greenwich,  thus  found,  take  out  the  corresponding  equa- 
tions in  Table  XLVL,  volume  II.,  pnge  597 ;  which  being  added  to  the 
mean  sun's  right  ascension  at  the  noon  preceding  the  Greenwich  tiine; 
the  result  will  be  the  correct  right  ascension  of  the  mean  sun  at  the 
given  time  and  p'ace. 

Should  the  result  exceed  the'measure  of  a  day,  it  is  to  be  diminished 
by  24  hours. 

Eaampfe  1. 

Required  the  mean  sun's  right  ascension,  January  Ist,  1836,  at 
20*40736!  mean  time 5  the  longitude  being  120f45f  East  ? 
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Mean  time  at  given  place      ....     20*40T36! 
Longitude  120  ?45 :  East,  in  time  =      .  -8.  3. 00 

Mean  time  at  Greenwich  .     ....     12*37*36!  past  noon 
of  the  given  day. 

Mean  sun's  R.  A.  at  noon  of  given  day,  per  Naut.  Aim.  18*40T43f04 

Equation  answering  to  12  hours,  in  Table  XLVI.=  .     .  1. 58. 28 

Ditto                  37  minutes,  in  ditto 6. 08 

Ditto                  36  seconds,  in  ditto 0.10 

Mean  sun's  correct  right  ascension,  as  required  =     •     .  18?  42*47 '50 

•     *    ■ 

Example  2. 

Required  the  mean  sun's  right  ascension,  January  10th,  1836,  at 
21M0T30!  meantime;  the  longitude  being  140?35!  west? 

Mean  time  at  given  place  .     . '   •     •     .     21 !  10*30 ' 
Longitude  140?35:  West,  in  time  =  .  +9.22.20 

Mean  time  at  Greenwich  =s  .     .     .     .       6*32T50!pastnoon 
of  the  day  following  the  given  one,  viz.  of  January  11th. 

Mean  sun's  R.  A.  at  noon  January  11th,  per  Naut.  Aim.  19^20?  8'62 

Equation  answering  to  6  hours,  in  Table  XLVI.  =  .     .  59.  14 

Ditto                32  minutes,  in  ditto d.  26 

Ditto                50  seconds,  in  ditto 0. 14 

Mean  sun's  correct  right  ascension,  as  required  =  .     .     19*21T13!16 

Note. — See  Explanatory  Article  37,  page  313,  relative  to  the  "  Side- 
real Time,"  in  page  II.  of  the  month  in  the  Ephemeris,  being  called 
the  Mean  Sun's  Right  Ascension. 


^k. 


Problem  VI. 

Given  the  Mean  Time  at  Ship  or  Places  avid  the  Longitude^  to  find^he 
Right  Ascension  of  the  Meridian  ;  or,  tp  Reduce  Mean  Solar  Time 
to  Sidereal  Time. 

Rule. 

Turn  the  longitude  into  time  (Problem  I.,  page  341),  and  add  it  to 
the  mean  time  at  ship,  if  it  be  west,  hut  subtract  it  if  east;  the  sum,  or 
difference  will  be  the  mean  time  at  Greenwich,  subject  to  the  condi- 
tions in  Problem  III.,  page  342.  To  the  mean  time  at  Greenwich, 
take  out  the  corresponding  equations  In  Table  XI^VI.^  Vol.  11.^  page- 
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597 ;  which,  being  added  to  the  mean  lun's  right  aacension  at  the  noon 
preceding  the  Greenwich  time,  the  sum  will  be,  the  mean  aun's  correct 
right  ascension.  Now,  this  being  added  to  the  given  mean  time  at 
ship,  the  sum  (diminished  by  24  hours  if  necessary)  will  be  the  right 
ascension  of  the  meridian. 

Example. 

Required  the  right   ascension   of  the   meridian.  May  6th,    183^ 
at  14^55719!  meantime;  the  longitvide being  45?45'15T  West  ? 

Mean  time  at  ship  or  place     ....  14'5.5TI9! 
Longitude  45?45^  15r  West,  in  time=  +3.   3.    1 

Mean  time  at  Greenwich 17 *58?20f  past  noon.  May  Mi« 

Mean  sun's  R.  A,  at  noon,  May  6th,  per  Nautical  Aim.  2'57729'00 

Equation  answering  to  17  hours  in  Table  XLVI.  s  .     .  2. 47*  56 

Ditto                  58  minutes,  in  ditto '9.08 

Ditto                  20  seconds,  in  ditto  ,..•••  O.06 


^^•m^i^t^m^i 


Mean  sun's  correct  right  ascension 3.  0T25!64 

Given  mean  time  at  ship  or  place 14. 55. 19.— 

Right  ascension  of  the  meridian  as  required      ....  17^55?44?64 

Remark. — ^This  problem  solves  the  Example  marked  '^  vice  versa"  in 
page  502  of  the  Nautical  Almanac  for  1 836 ;  >nz. : — 

To  convert  2*24T19'73  mean  solar  time,  January  2nd,  1836,  into 
sidereal  time  for  the  meridian  of  Greenwich  :«— 

Mean  sun's  R.  A.  at  noon,  January  2nd  » 18M4?39!60 

Equation  answering  to  2  hours  in  Table  XLVI.  .     <  0, 19.71 

Ditto  24  minutes,  in  ditto        ....  3.94 

Ditto  19. 73  seconds  in  ditto  ....  0.  OS' 

Jf(ean  sun's  correct  right  ascension     .     .     ,     •    •    •  ,.  18M5T  3!90 
Given  mean  time •2. 24. 19. 73 


« 


Sidereal  time  =      .    .     .     .     .     .' 21?  9T23!08 

In  the  same  manner  may  be  solved  the  Example  which  is  given  in  the 
first  ''Table  of  Equivalents,"  page  489  of  the  Ephemerii. 

Note. — From  the  above  it  is  clearly  manifest  that  the  right  asoaukioB 
of  the  meridian  at  any  given  place  is  the  sidereal  time  at  that  places 
and  eonverseh/.-^See  Explanatory  Article  32^  page  909. 
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Problem  VII. 

Given  the  Bight  Ascension  ^f  the  Meridian  and  ih$  Lanffiiude,  to  find 
the  Mean  Time  at  Ship,  or  Place  j*-*-or^  to  Reduce  the  Sidereal  Time 
at  Ship  to  Mean  Solar  Time. 

RULB. 

Since  the  mean  time  at  ship  may  be  always  estimated  within  two  Qr 
three  minutes  of  the  truth  \  \i,  therefore,  the  longitude  in  time  be 
applied  thereto  by  addition  when  it  is  west,  or  by  subtraction  when  east^ 
the  sum^  or  difference,  will  be  the  assumed  time  at  Greenwich ;  subject 
to  the  conditions  in  Problem  III.,  page  342. 

Take,  from  page  II.  of  the  Mouth  in  the  Nautical  Almanac,  the  mean 
sun's  right  ascension  for  the  noon  preceding  the  Qreenwich  time : 
which  subtract  from  the  given  right  ascension  of  the  meridian  (in- 
creased by  24  hours  if  necessary),  and  the  remainder  will  be  the 
i4)proximate  mean  time  at  ship.  Reduce  this  to  the  meridian  of  Green- 
wich, by  Problem  III. ;  and  find  the  corresponding  equation  in  Table 
XLV.  (the  first  in  page  597  of  the  second  volume).  Now,  the  equation 
thus  found,  being  subtracted  from  the  approximate  mean  time ;  the 
residt  will  be  the  correct  mean  time  at  ship  or  place. 

Example, 

May  6th,  1836,  in  longitude  45?45'  15T  west,  the  right  ascension  of 
the  meridian  was  17^55*44 f 64,  and  the  estimated  mean  time  at  ship 
14*53?56f  \  required  the  correct  mean  time  at  ship. 

Estimated  mean  time  at  ship  sc  .     .     14^53756! 
Longitude  45M5C15^  west,  in  time  •   +3.   3,    1 

Assumed  tune  at  Greenwich  .  .  L7  *  56T57  *  past  noon,  May  6th . 
— The  only  use  that  is  made  of  this  time  is  to  indicate  the  proper  noon 
for  taking  out  the  mean  sun's  right  ascension  from  the  Nautical 
Almanac. 

Given  right  ascension  of  the  meridian  17J35?44!64 
Mean  sun's  R.  A.  at  noon,  May  6th    .     2. 57. 29. 00 

Approximate  mean  time  at  ship  .     .    14^5d'?15f64     .     14*58T15!64 
Longitude  45®45'  ISl'  west,  in  tim6  =    3.   3.    1.  — 

Approximate  time  at  Greenwich  •     •  18t   1?16!64 

Equation  to  18  hours,  in  Table  XLV.=2?56!931 
Ditto         1  minute,  in  ditto  ...      0. 16  Isum  s      -  2r57'l4 
Ditto         16. 64  seconds,  in  ditto   .       0. 05  J  ■ 

Correct  mean  time  at  ship,  as  required    •    •    ,    •    •    •  14t5&Tl8'60 
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Reniar h.'^'ThiB  problem  solves  the  Example  in  page  502  of  the  Nau- 
tical Almanac  for  the  year  1836,  viz.  :— 

To  convert  2I^9"23!04  sidereal  time,  January  2nd^  1836^  into  mem 
solar  time  for  the  meridian  of  Greenvrich. 

Given  sidereal  time  = 2l!9T23f04 

Mean  sun's  R.  A.  at  noon,  Jan.  2nd    .  18.  44. 39. 60 


Approximate  mean  time  at  Greenwich     2*24T43f44    .     .  2^24T43:44 

Equation  to  2  hours,  in  Table  XLV.=0?19?661 

Ditto        24  minutes,  in  ditto      .         3. 93  lSum=      .  —  0?23!7I 
Ditto         43. 44  seconds,  in  ditto  0. 12J  

Mean  solar  time,  as  required 2f24Tl9!7B 

.  And  in  the  same  manner  may  the  example  in  the  second  '^  Table  of 
Equivalents,"  page  491  of  the  Ephemeris  be  solved. 

From  the  above  it  appears  evident  that  the  sidereal  time  is  the  Mune 
as  the  right  ascension  of  the  meridian  ;  and  vice  versa,  that  the  ri|^ 
ascension  at  any  place  is  the  same  as  the  si/lereal  time  at  suph  place. 
—See  Explanatory  Article  32,  page  309. 


Problem  VIII. 

To  find  the  Mean  Time  of  a  Star's  Transit ^  or  Passage  over  the 

Meridian  of  any  knoum  Place, 

Since  the  plane  of  the  meridian  of  any  given  place  may  be  conceived 
to  be  extended  to  the  sphere  of  the  fixed  stars, — therefore,  when  the 
diurnal  motion  of  the  earth  round  its  axis  brings  the  plane  of  that 
meridian  to  any  particular  star,  such  star  is  then  said  to  transit,  or 
pass  over  the  meridian  of  that  place.  This  observation  is  applicable 
to  all  other  celestial  objects. 

The  mean  time  of  transit  of  a  known  fixed  star  is  to  be  computed 
by  the  following 

Rule. 

Reduce  the  given  mean  time  at  ship  or  place  to  the  meridian  of 
Greenwich  by  Problem  III.,  page  342  : — to  the  Greenwich  time,  thus 
found,  let  the  mean  sun's  right  ascension  be  corrected  by  Problem  V., 
page  344.  Reduce  the  right  ascension  of  the  star,  as  given  in  Table 
XLIV.,  to  the  given  day  ;  or,  take  it  at  once  out  of  the  Nautical  Almamai: 
from  which,  increased  by  24  hours,  if  necessary,  subtract  the  mean 
sun's  correct  right  ascension  \  and  the  remainder  will  be  the  mean  time 
of  the  star's  transit  over  the  meridian  of  the  given  place. 
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Example, 

At  Avhatlime  on  the  2nd  of  January,  1836^  will  the  star  Rigel  tran- 
sit,  or  come  to  the  meridian  of  a  place  165^30'  east  of  Greenwich^ 
the  mean  time  at  such  place  being  about  10t21?  ? 

Given  mean  time  at  ship  or  place       .     .  10*21? 
Longitude  165°30'  east,  in  time  ■■='  .     —  11.2 

Mean  time  at  Greenwich,  about     ....  23*19?  past  noon  of  the 
precediny  day;  viz.,  of  the  1st  of  January. 

Mean  sun's  R.  A.  at  noon  Jan.  1st,  per  Nautical  Almanac  18*  40? 43  f  04 
Equation  answering  to  23*  19?  in  Table  XLVI.  =      .     .  +     3. 49. 82 

m 

Mean  gun's  correct  right  ascension 18*44?32!86 

Right  ascension  of  the  star  Rigel  on  the  given  day    •     .     5.   6. 40. 06 

Mean  time  of  the  star's  transit,  as  required 10*22?  7'20 

Remarks.-^l.  In  the  solution  of  the  present  problem,  it  will  be  quite 
sufficient,  if  the  mean  time  at  ship  be  known  within  3  or  4  minutes  of 
the  truth ;  because  an  error  to  that  amount  in  the  estimated  time  will 
not  affect  the  computed  mean  time  of  transit  more  than  about  half  a 
second. 

2.  Should  the  mean  time  of  the  star's  transit  below  the  pole  be 
required: — Let  the  constant  quantity  ll!68?l!72  (viz.  12  hours  dimi- 
nished by  l?58r28,  orAa^the  diurnal  increase  of  the  mean  sun's  right 
ascension)  be  added  to  the  mean  time  of  transit  found  as  aboye ;  the 
sum,  abating  24  hours,  if  necessary,  will  express  the  mean  time  of  the 
star's  transit  beloio  the  pole.* 

Problem  IX.* 

To  find  what  Stars  will  be  ouy  or  nearest  tOy  the  Meridian  of  a  Sfdp  or 

Place  at  any  given  Time. 

Rule. 

Since  the  right  ascension  of  a  fixed  star  is  measured  eastward, 
according  to  the  order  of  the  signs,  from  the  first  point  of  Aries  to  the 
point  of  the  equinoctial^  which  is  intersected  by  its  circle  of  declina- 
tion ;  and  since  the  right  ascension  of  the  meridian  signifies  the  point 
of  the  equinoctial  which  comes  to  the  meridian  of  a  place  at  any  given 
time  (Definitions  15  and  16)  ;  therefore,  the  right  ascension  of  the  meri- 

*  The  author  has  invented  a  atellariumt  which  shows  (without  the  trouble  of  calculatioa} 
the  flolotion  of  Problems  YIIL  and  IX.  in  all  parts  of  the  world. 
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diaii  expresses  the  correct  value  of.  the  sidereal  right  ascension  (rfthe 
heavens  at  any  given  time  and  place  : — Hence,— 

Let  the  right  ascension  of  the  meridian  be  found  by  Problem  TL| 
page  345  ;  then  look  for  this  among  the  right  ascensions  of  the  stiri 
in  the  Nautical  Almanac,  or  amongst  the  right  ascensions  in  TMt 
XLIV. ;  and  it  will  show  the  stars  that  are  either  on  or  nearest  to  Ae 
meridian  at  the  given  mean  time.  The  stars  whose  right  McemisM 
are  less  than  the  computed  right  ascension  of  the  meridian,  will  haifl 
passed,  or  be  to  the  westward  of  the  ship's  meridian  ;  but  those  whom 
right  ascensions  are  greater,  will  be  to  the  eastward  of^  and  appuenilf 
approaching,  the  meridian  of  the  ship  or  place. 

Example. 

Wliat  star  will  be  nearest  to  the  meridian,  December  Slst^  183^  it' 
10*  12741 !  mean  time ;  the  longitude  being  70?45^  tVest  ? 

Mean  sun's  right  ascension,  reduced  by  Problem  V.  18?  42?  13!  11 
Given  mean  time  at  ship  or  place +10. 12. 41.«" 

Right  ascension  of  the  meridian 4?54?54!11 

Now,  this  being  looked  for  amon^  the  right  ascensions  of  the  start 
in  Table  XLIV.,  it  will  be  seen  that  the  star  whose  right  ascennoD 
corresponds  the  nearest  thereto  is  j3  Eridani ;  which,  therefore,  is  the  stv 
that  is  most  contiguous  to  the  meridian  at  the  given  time.  Capella  it 
9T41 !  to  the  eastward  of  the  meridian ;  and  Aldebaran  28T22!  to  the 
westward  of  it : — ^hence,  the  former  is  approaching,  and  the  latter  re- 
ceding from,  the  meridian. 

Note. — In  general,  the  correction  of  the  mean  sun's  right  ascension 
may  be  dispensed  with.  The  right  ^cension  at  noon  of  the  given  day, 
added  to  the  mean  time  at  ship,  will  show  the  value  of  the  right  ascen- 
sion of  the  meridian  to  a  sufficient  degree  of  exactness  for  nautical 
purposes. 

The  above  problem  will  be  found  useful  when  the  latitude  is  to  be 
deduced  from  the  meridional  altitude  of  a  fixed  star. 


Problem  X. 

7b  compute  the  Mean  Time  of  the  Moon's  Transit  over  the  MeruRan  qf 

Greenwich. 

.  Since  the  moon's  transit  over  the  Royal  Observatory  at  Green\i4ch 
is  only  given  to  the  nearest  tenth  of  a  minute  in  the  Nautical  Almanac; 
and  since  it  becomes  absolutely  necessary,  on  many  astronomical  occa* 
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&ion8>  to  have  it  more  strictly  determined;  the  following  method  is 
therefore  given,  hy  which  the  mean  time  of  the  moon's  transit  over  the 
itteridian  of  Greenwich  may  be  obtained  true  to  the  decimal  part  of  a 
second. 

RULB. 

Prom  the  moon's  right  ascension  at  noon  of  the  given  day  (increased 
by  24  hours  if  necessary),  subtract  the  mean  sun's  right  ascension  at 
that  noon  ;  the  remainder  will  be  the  approximate  time  of  transit. 

Knd  the  difference  between  the  moon's  right  ascension  at  noon,  and 
at  the  hour  which  is  next  greater  than  the  approximate  time  of  transit : 
diminish  this  difference  by  the  equation,  in  Table  XLVL,  correspond- 
ing to  the  hour  which  is  next  greater  than  the  approximate  time  \  the 
result  will  be  the  excess  of  the  moon's  motion  over  that  of  the  mean 
son  in  the  interval  betwixt  noon  and  the  approximate  time  of  transit : 
then  say, — as  the  next  greater  hour  diminished  by  this  excess,  is  to. the 
next  greater  Jiour,  so  is  the  approximate  time  of  transit,  to  the  correct 
mean  time  of  transit  over  the  meridian  of  Greenwich. 

Reduce  all  the  terms  to  seconds;  and  then  the  proportion  may  be 
eaislly  worked  by  logarithms,  as  in  the  following 

Example. 

Required  the  mean  time  of  the  moon's  trapsit  over  the  meridian  of 
Gireenwich  cm  the  1st  day  of  January,  1836  ? 


> 'b  R.  A.  at  noon   .    4M3?  5f83 
JIfem  sun's  ditto     .  18.40.43.04 


Approx.timeoftran.  10?  2r22'.79 


Do.  reduced  to  seconds=36142. 79 


D  's  R.  A.  at  noon=    4i43?  5  !83 
Ditto^   at  1 1  hours .     5.6. 26. 77 


Difference  =     .     .        23T20!94 
Equation  to  1 1  hours 
Table  XLVI.=  .       -1.48.42 


Excess  of  ]>  's  mo- 
tion over  mean  sun's    21 T32 !  52 


Next  greater  hour  is  1 11  0?  0!  0 
Excess  of  D  's  motion 

over  mean  sun's     .  =  21 .  32. 52 


Differences  .  .  .  10*38r27M8=38307'48Log.ar.comp.5. 416717 
Next  greater  hour  1 1,  in  seconds  =39600  —  Logarithm  .  4. 697695 
Approx.  time  of  transit,  in  seconds    36142. 79  Logarithm    •  4. 558021 

Mean  time  of  transit,  in  seconds  .  37362!  24  Logarithm  .4. 572433 
Ditto,  rawed  to  hours,  &c.  at .    10!22?42:iMj    which,  therefore,  i« 
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the .  correct  mean  time  of  the  moon's  transit  over,  the  meridian  of"  ^ 
Greenwich  on  the  given  day. — ^The  time  'of  transit  in  the  Nautical 
Almanac  is  10^22T7* — It  is  much  to  be  regretted  that  tenths  have  been 
made  use  of  in  the  Ephemeris,  on  such  an  important  occasion  as  this., 
Tlie  mean  time  of  the  moon's  transit,  as  well  as  that  of  each  of  the  MgU 
planeiSy  ought  to  have  been  given  to  seconds,  instead  of  to  the  neafat 
tenth  of  a  minute :  because,  when  the  practical  navigator  reduces  tlie 
tenths  to  seconds,  the  result  may  differ,  at  times,  three  or  four  seooadt 
from  the  truth ;  which,  of  course,  will  affect  the  time  of  transit  am 
the  meridian  for  which  he  may  be  calculating;  and,  in  low  latitudeSjta 
in  places  where  the  moon  approaches  near  the  zenith^  an  error  of  three 
or  four  seconds  in  the  mean  time  of  transit  would  sensibly  aife<^  her 
meridional  altitude. 


Problem  XI. 

Given  the  Mean  Time  of  the  Moon's  Transit  over  the  Royal  Oiservatwf 
at  Greenmchy  to  find  the  Mean  Time  of  her  Transit  over  the  Men- 
dian  of  any  other  place. 

Rule, 

Take,  from  page  IV.  of  the  month  in  the  Nautical  Almanac^  the 
moon's  transit  over  the  meridian  of  Greenwich  on  the  j^ven  day,  and 
also  on  the  AdLyfoHounng^  if  the  longitude  be  west;  but  on  the  dAypre^ 
ceding  if  east;  find  the  difference,  and  it  will  be  the  retardation  of 
transit,  or  the  excess  of  the  lunar  day  above  the  solar  day,  Now^  24 
hours  augmented  by  this  excess  will  be  the  length  of  the  lunar  day  :— 
Then  say, — As  the  lunar  day,  so  found,  is  to  the  retardation  of  traa*^ 
sit;  so  is  the  longitude  of  the'  given  place,  in  timCy  to  a  correction; 
which  being  applied  by  addilion  to  the  mean  time  of  transit  over  the 
meridian  of  Greenwich,  if  the  longitude  be  west^  but  by  subtraction  if 
east ;  the  sum,  or  difference,  will  be  the  mean  time  of  transit  ovrtr  the 
given  meridian. 

Note. — This  proportion  may  be  readily  performed  by  proportional  . 
logarithms,  esteeming  the  hours  and  minutes  in  the  first  and  thiri 
terms  as  minutes  and  seconds  ;  as  in  the  following 

Example. 

m 

Required  the  mean  time  of  the  moon's  transit,  January  1st,  1836^ 
over  a  meridian  94?30'.30C'  west ;  the  computed  mean  time  of  transit 
at  Greenwich  being  10  hours,  22  minutes,  42  seconds  ? 
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)  's  transit  at  Greenwich  on  given  day,  per  Ephemeris    •  10!22?7 
Ditto,  on  the  day  following    .     •     .     .  Ihl2.7 


Retardation  of  the  moon's  transit 0*50?0;or, 

the  espcess  of  the  lunar  above  the  solar  day  :— hence, 

Ab  24  hours  +  0i50!      =     24*50?        Prop.  log.  ar.  comp.   .  9. 1308 
Is  to  the  retardation     •    •         50  Prop,  logarithm    •     «  0. 5563 

So  is  the  longitude  in /imf  .    6M8T  2!   Prop,  logarithm     .     .  1.4559 


Correction      ...•.+  12741  f    Prop,  logarithm    .     .  1. 1620 
C<Mnp.ineantimeoftransits=:10.22.42,  at  Greenwich. 


Uean  time  of  transit  =     .  10. 35. 23,  at  the  given  meridian. 

See  Explanatory  Article  13,  page  306,  relative  to  the  length  of  the 
lunar  day ;  and  to  the  arc  of  excess  which  the  earth  must  describe 
Aejfond  a  complete  revolution  on  its  axisj  to  bring  the  moon  upon  the 
Mune  meridian  that  it  was  on  the  day  before. 


Problbh  XIL 

To  Compute  the  Mean  Time  of  a  Planefs  Transit  over  the  Meridian 

of  Greenwich. 

Rule. 

From  the  planet's  geocentric  right  ascension  at  noon  of  the  given 
day  (increase^  by  24  hours  if  necessary)  subtract  the  mean  sun's  right 
ascension  at  the  same  noon  ;  the  remainder  will  be  the  approximate 
time  of  transit. — ^Take  the  difference  of  the  mean  sun's  diurnal  motion 
in  right  ascension  (viz.  3T56!55),  and  the  planet's  daily  variation  in 
right  ascension,  if  the  planet's  motion  be  progressive  ;♦  which  difference 
apply  by  subtraction  to  24  hours,  or  86400  seconds,  if  the  planet's 
diurnal  motion  be  the  greatest ;  but  by  addition,  if  it  be  the  least  •*— • 
Then  say, — As  ?4  hours,  or  86400  seconds,  diminished  or  augmented 
by  the  aforesaid  differencCy  is  to  86400  seconds ;  so  is  the  approximate 
time  of  transit,  to  the  mean  time  of  the  planet's  transit  over  the  meri- 
dian of  Greenwich,  But,  if  the  planet  have  a  retrograde  motion,*  the 
sum  of  its  daily  variation,  and  that  of  the  mean  sun's  (viz,  3T56!65)  is 

*  When  the  planefs  motion  is  proffretsivf,  the  difference  o£  right  ascension  between  the 
given  day  and  tbe  day  follotcing ;  but  when  it  is  retrograde,  the  difference  of  right  ascen« 
lion  between  the  given  day  and  the  preceding  day,  will  be  Ita  daily  variation  in  right 
aicentlon. 

A  A 
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alway$  to  be  applied  by  addition  to  24  hours : — then  86400 
augmented  by  that  sum,  will  be  the  first  term  in  the  proportioii ;  vU 
which  proceed  as  above  directed. 

Example  1. 

Required  the  mean  time  of  Venus's  transit  over  the  meii£ta  of 
Greenwich  on  the  1st  of  January,  1836  ? 


Venus's  geocentric 

R.A 20*I7-44r45   |i 

Mean  sun's  R.  A.     18. 40. 43. 04 


Ap.  time  of  transit      lt37"  1-41 
Ditto  in  f  econds  =  5821  •  4 1 . 


Venus  *s  daily  rariation 


in  R.  A.  •     • 
>    Mean  snn's  ditto 


.  5?1S!4> 


I 


Difference  =      .     .     —  1T16:I7 
Ditto  in  seconds  s     — 76*  47* 


As  24 hours  or  86400!  -  76M7  =  86323!53,  Log.  ar.  comp.  6. 069871 

:  24  hours,  or 86400  -,  Logarithm  .     .  4. 996514 

: :  approximate  time  of  transit     .    5821 .  41,  Logarithm  .     .  3. 765088 

Mean  time  of  transit  in  seconds    5827-      Logarithm  .     .  3.765413 


Ditto  raised  to  hours,  &c.  .  .  1?37"7-  ;  which,  therefore,  is  the 
correct  mean  time  of  the  planet's  transit  over  the  meridian  of  Green- 
wich on  the  given  day; — in  the  Nautical  Almanac  it  is   1*37*1,  or 

li37?6r 

iVe;/^.— Had  the  planet^s  diurnal  motion  been  less  than  that  of  the 
mea7i  sun,  the  difference  of  the  variations  in  right  ascension,  viz.  76*47 
virould  have  been  additive  to  86400  seconds ;  because,  in  this  case,  the 
planet  would  come  to  the  meridian  in  less  than  24  hours  after  its  pre- 
ceding time  of  transit* 

Example  2. 

Required  the  mean  time  of  Venus's  transit  over  the  meridian  of 
Greenwich  on  the  30th  day  of  July,  1836  ? 


Venus' 8  geocentric 

R.  A 8*  3r42r69 

Mean  sun's  R.  A.    8,32.36.41 


Ap.  time  of  transit  23*31?  6f28 
Ditto,  in  seconds  =  84666. 28. 


Venus's  daily  variation 

in  R.  A 2r28!26 

Mean  sun's  ditto ...  3. 56. 55 


Sum +6T24!81 

Ditto  in  seconds  =  +  384. 81. 


As  24  hours,  or  86400:  +  384  rSl  =96784!  81,  Log.  ar.  coiiip.  6. 061666 

:  24houM,or 86400 —,  Logarithm  .     .4<  936614 

: :  approximate  time  of  transit    84666. 28,  Logarithm  .     .  4. 92/710 


MM.» 


Mean  time  of  transit  in  seconds  .  1.84291  — ,  Logarithm  4. 925780 


Ditto  raised  to  hours,  &c.  .  .  23?24T51 '.  5  which,  therefore,  is  the 
correct  mean  time  of  the  planet's  transit  over  the  meridian  of  Qreen- 
trich  on  the  given  day : — The  time  of  transit  in  the  Ephemeris  is 
23*24 ?8,  or  23*24?48!  ;  which  is  3  seconds  less  than  the  above :  this 
11  owing  to  the  time  in  that  work  being  only  given  to  the  neareit  tenth 
of  a  minute. 

Note. — When  the  planet  is  stationary y  the  mean  time  of  transit  over 
the  meridian  of  Greenwich  is  found  at  once,  by  simply  subtracting  the 
mean  sun's  right  ascension  from  the  geocentric  right  ascension  of  the 
planet :  diminishing  the  remainder  by  the  corresponding  equation  in 
Table  XLVI. 


Problem  XIII. 

Given  the  Mean  Time  of  a  Planet* s  Transit  over  the  Meridian  of  Green^ 
wich  ;  to  find  the  Mean  Time  of  Transit  over  any  other  Meridian. 

Rule. 

Find,  in  the  Nautical  Almanac,  the  difference  between  two  consecu- 
tive transits,  agreeably  to  the  following  precepts,  viz.: — If  the  longi-* 
tude  be  west^  and  the  times  of  transit  increasing^  take  the  difference 
between  the  transits  on  the  givpn  day,  and  the  day  following ;  but  if 
decreasing  J  between  the  transits  on  the  given  day  and  the  A^y  preceding » 
Again  : — If  the  longitude  be  east,  and  the  times  of  transit  increasing^ 
take  the  difference  between  the  transits  on  the  given  and  the  pre^ 
ceding  days;  but  if  decreasing ^  between  the  transits  on  the  given  and 
following  A?iy». — Find,  also,  tht  interval  between  the  two  transits  :  this, 
when  the  times  are  increasing ^  will  be  expressed  by  24t  -f  the  difference 
of  transit ;  but  when  decreasing ^  by  24  hours— the  difference  of  transit. 
-*-Then,  to  the  proportional  Logarithm  Ar.  Comp.  of  this  expression, 
add  the  proportional  logarithm  of  the  difference  of  transit,  .and  the 
proportional  logarithm  of  the  longitude  tn  time  $  the  sum,  abating  10 
in  the  index,  will  be  the  proportional  logarithm  of  a  correction : 
which,  in  west  longitude,  is  to  be  applied,  by  addition^  to  the  "  meri- 
dian passage "  at  Greenwich  on  the  given  day,  when  the  transits  are 
increasing,  or,  by  subtraction,  if  decreasing, ^^3\xt,  if  the  longitade  bt 
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eatt^  the  correction  is  to  be  applied  comenAy^  viz.,  by 
when  the  transits  Vixe'incr earing ^  and  by  additum  when  deareammg  ^ 
either  case  the  result  will  be  the  correct  mean  time  of  transit  over  the 
given  meridian.  . 

Example  1. 

Required  the  mean  time^  on  the  2nd  January^  1896,  that  the  plad 
Venus  will  pass  the  meridian  of  a  place,  which  it  175^90^  east  of  tke 
Royal  Observatory  at  Greenwich  ? 

Venus's meridian  passage,  January  1st-.     =  It 37*  6!  per  Ephemeris. 
Ditto  ditto     2nd.     s  1.38.24  ditto. 


D|^cr«M?tf  of  transit 0*  1T18!  :  —  Tlicn,— 

24*  +  irl8!  =  24*l:l8r,  is  the   interval  of  time  between  the  two 
transits. 

iVb/e.^-The  deference  is  taken  between  the  transits  on  the  givca 
day  and  the  day  preceding,  because  the  longitude  is  east,  and  the  time 
increating.    Now, 

Interval  between  the  transits =24?   IT  18!  Prop. log.  ar.  comp.  9.  \7SA 
Difference  of  transit    ...  1.18    Prop,  logarithm      .2.1413 

Long.  175 ?30'  east,  in  time  =11.42.   0    Prop,  logarithm      .  1. 1871 

Correction^ —    0T38!  Prop,  logarithm      .2.4537 

Mn«  time  of  tran.  on  given  day    1 .  38. 24  at  Greenwich. 


Mn.  time  of  tran.  on  given  day  =  1  \  37^46 ! ,  at  the  given  meridian. 

i^^mor^.— The  correction  is  subtractive,  because  the  longitude  is  eoi/, 
and  the  times  of  transit  increasing;  had  they  been  decreasing,  the 
correction  would  be  additive  to  the  meridian  p;issage  at  Greenwich  on 
the  given  day. 

Example  2. 

Required  the  mean  time,  on  the  23rd  of  July,  18^6,  that  the  planet 
Venus  will  pass  the  meridian  of  a  place,  which  is  140?45'  west  of 
Greenwich  ? 

Venus's  meridian  passage,  July  22nd      .  =  0^23?12!  perEphemeris. 
Ditto  ditto  23rd       .  =  0.16.42  ditto 


Difference  of  transit 0*  6?30r  ;  —  Then,-** 

24?^6:30!«23*63:30f,  is  the  interval  between  the  tvo  transits. 
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iVb/tf,— The  difference  is  taken  between  the  transits  on  the  given 
day  and  the  day  preceding j  because  the  longitude  is  weaty  and  the  times 
of  transit  decreasing ;  this  being  the  converse  of  the  above  example 
with  respect  to  longitude  and  the  motion  of  the  transits. — Now, 

Interval  between  the  transits  =  23*53f30!  Prop.  log.  ar.  comp.  9. 1230 
Difference  of  transit     ...  6.30   Prop,  logarithm      .1.4424 

Long.  140?45:  west,  in  «mc  =  9.23.   0   Prop,  logarithm      .1.2829 

Corrections^ —  2  T33?  Prop,  logarithm     .1.8483 

Mn.  time  of  tran.  on  given  day    0. 23. 12,  at  Greenwich. 


Mn.  time  of  tran.  on  given  day=  0*20'!'39'  at  the  given  meridian. 

Remark, — ^The  correction  is  subtractive,  because  the  longitude  is  west^ 
and  the  times  of  transit  decreasing  ;  had  they  been  increasing ^  the  cor* 
reciion  would  be  additive  to  the  meridian  passage  at  Greenwich  on  the 
given  day. 

The  young  navigator  must  bear  in  mind,  that  in  west  longitude  when 
the  times  of  transit  are  increasing^  a  planet  will  not  come  to  the  meri- 
dian of  any  place  until  a/ter  it  has  passed  the  meridian  of  Greenwich ; 
but,  when  the  times  are  decreasing,  it  will  come  to  the  meridian  of  such 
given  place  before  its  transit  at  Greenwich. — Again,  in  east  longitude, 
when  the  times  of  transit  are  increasing,  a  planet  will  come  to  the 
meridian  of  any  given  place  before  it  passes  the  meridian  of  Green- 
wich ;  but,  when  the  times  arc  decreasing,  it  will  not  come  to  the  meri- 
dian of  such  place  until  after  it  has  passed  the  meridian  of  Greenwich. 
This  observation  will  conduce  to  the  elucidation  of  Article  3,  page  61/ 
of  the  Nautical  Almanac  for  1836. 


Problem  XIV. 

To  Reduce  the  Sun's  Right  Ascension  and  Declination  ;  the  Equation  of 
Time,  and  the  Sun*s  Longitude,  as  given  in  the  Nautical  Almanac^  to 
any  given  Mean  Time  under  a  known  Meridian. 

Rule. 

Let  the  given  mean  time  at  ship  or  place  be  always  reckoned  from 
the  preceding  noon  ;  to  which  apply  the  longitude  in  time  (reduced  by 
Problem  I.,  page  341,)  by  addition  if  it  be  west,  or  subtraction  if  east; 
the  sum,  or  differencie,  will  be  the  corresponding  mean  time  at  Green- 
wich, subject  to  the  conditions  in  Problem  III.,  page 342, 
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Take^  from  page  II.  or  III.  of  the  month  in  the  Nantieal  AhnaMc, 
the  lun's  right  ascension  and  declination,  the  equation  of  time,  or  km 
gitude,  as  the  case  may  be,  for  tlie  mean  noons  inunediately  precediig 
and  following  the  Greenwich  time,  and  find  their  difference ;  then. 

To  the  proportional  log.  of  this  difference,  add  the  proportional  lo^ 
of  the  Greenwich  time  (reckoning  the  hours  as  minutes,  and  tk 
minutes  as  seconds),  and  the  constant  log.  9. 1249  :*  the  sum  of  thiie 
three  logs,  rejecting  10  from  the  index,  will  be  the  proportional  log. 
of  a  correction,  which  is  always  to  be  added  to  the  sun's  longitude,  or 
right  ascension,  at  the  mean  noon  preceding  the  Greenwich  time;  bnt 
to  be  applied  by  addition  or  subtraction  to  the  sun's  declination,  ortlw 
equation  of  time  at  that  noon,  according  as  these  elements  may  be  in-, 
creasing  or  decreasing. 

Example. 

Required  the  sun's  right  ascension,  and  declination,  the  equation  of 
time,  and  the  sun's  longitude,  January  1st,  1836,  at  3^40?  mean  tfane^ 
in  longitude  35?  40 '45^  west  of  the  meridian  of  Greenwich  ? 

Mean  time  at  ship  or  place  = 3t40?  0! 

Longitude  33  ?40^  43r  west,  in  time  s     .     .+2, 32. 43 

.  Mean  time  at  Green^vich 6t  2*43! 

To  find  the  Sun's  Right  Ascension : — 

Difference  in  24  hours  =  .  .  4725!  Prop.  log.  =  .  .  1.6101 
Greenwich  time  =  .  '.  .  6i2"43*  Prop.  log.  ss  .  .  1.473B 
Constant  log.  =s 9. 12tf 


Correction  of  sun's  right  ascension   =     +    1"  7*  P.  log,  =  2.2069 
Sun's  right  asc.  at  noon  Jan.  1st.  =         18*44?18! 

Sun's  right  ascension  as  required  =  18*45725! 

To  find  the  Sun's  Declination : — 

Difference  in  24  hours  =  .     ,     .       4'55r  Prop.  log.  as  .     ,   1.5636 

Greenwich  time  = 6*2T43!   Prop.  log.  =b  .     ,  1.4738 

Constant  log.  = 9^  J249 


Correction  of  sun's  declination  =  .     .     .  —   1'147  P.  log,  =  2.1623 
Sun's  declination  at  noon  Jan.  1st.    =     23?  4'16T  south. 


Sun's  declination,  as  required    =  .     .     23?  3^  2r  south. 


*  The  arith.  eomp.  of  the  j»rop.  log.  of  24  houra,  esteemed  m  fomif/et. 
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To  find  the  Equation  of  Time  :*-- 

DiflFerence  in  24  hours  =     ...          28  f  Prop,  logarithm  2.6663 

Greenwich  time 6*2743!  Prop,  logarithm  1.4738 

Constant  logarithm 9, 1249 


Correction  of  equation     .     ...     .     .     -f-  /!  Prop,  logarithm  3.  I860 

£quationof  time  at  noon,  Jan.  1st     =  3T35!  additive. 


Equation  of  time,  as  required  .     .   =:     3T42?  additive. 

To  find  the  Sun's  Longitude  : —  ,.. 

Difference  in  24  hours  =  .  .  l?i:  9r  Prop,  logarithm  .  .  0.4689 
Greenwich  time  =  .  .  .  .  6*2743!  Prop,  logarithm  .  .  1.4738 
Constant  logarithm 9. 1240 


Correction  =     .     . +  15^24'/  Prop.  log.  1.0676 

Sun's  long,  at  noon,  Jan.  Ist  =:     .     .  280?10'45f 


Sun's  true  longitude,  as  required    •     .  280? 261  97 


To  Reduce  the  Sun's  Declination  at  Mean  Noon  to  a  given  Meridian  i 
commonly  called,  ^^  Correcting  the  Declination." 

Rule. 

If  the  equation  of  time  be  marked  additive,  in  page  I.  (not  page  II.) 
of  the  month  in  the  Epheuicris,  it  will  express  the  approximate  mean 
time  of  the  sun's  transit  over  the  meridian  of  the  ship  past  the  apparent 
noon  of  the  given  day ;  but,  if  it  be  marked  subtractivcy  24  hours  minus 
the  equation  will  be  the  approximate  mean  time  of  the  sun's  transit  past 
the  apparent  noon  of  the  preceding  day. 

To  the  approximate  mean  time  of  transit,  thus  found,  apply  the  Ion* 
gitude,  in  time,  by  addition  if  west,  or  by  subtraction  if  east  5  and  the 
Bum,  or  difference,  will  be  the  approximate  mean  time  at  Greenwich  j 
with  which,  and  the  difference  of  declination  for  the  mean  noons  imme- 
diately preceding  and  following  it,  proceed  as  in  the  second  of  the 
above  operations. 

Example* 

Required  the  sun's  declination  at  mean  noon,  March  26th,  1836^  at  a 
ship  in  longitude  173  ?45'  west,  and  also  af  another  ship  in  longitude 
167^15^  east  of  the  meridian  of  Greenwich? 


Wi  *^:-r^. 


2ft  Bttnei  b6«i:sr«  ;  ^2i*?«d:r*  -Uts  amx  ^3111^  of  bmib  «hi  die  gha  4f 
if  Or*  9*44 ' :  zi'^w.  :iie  vsir  J:o:£irxftaf.  a.  -^me;.  viz.  1 1  *33Ty  biLJafciAU 
to  tsac.  fiiJi*vY  liit  Gri-env~j:*i  loxe  i£  7^  wtaiSerm  mteHAm  to  k 
ll'4Cr44'.piih^:i>:a  :(f  ^n^  xrr^?  sir.— Asd.  tW  emtt  laagikak,m 
uxut^  Tit  11 -if-.  Zfi-^zis  **iJinir-^-i  frwa  0'5-44'  Incmscd  bf  M 
hcR:r*  ftiu^ft  u*  GrKri-v'^rs^  *Jz:i^  1::  riif  fwf«ni  ■rri*gw  to  be  J2?56r4(: 


7*  Cir"^!^  7.  r  tut  ^'kzj-  «-•  :m  Ifeitfi 


Dlffemte  of  Oir^z^iZiizc.  is  24  ifccz^^  23  29:        Prop.  lo^.    0.1 

Greec^rki  tir>e ll*-|iJ-44-  Prop.kcr.     L18?9 

loorithai 9.13fl 


Correctkn  of  dcri'^anoa  =:....  ^  11 '36:  Prop, 
Son'*  dcdin^kn  &t  ZK>oc,  Mmrh  d5th    .   2=3ll'  7".   north. 

Suu'i  ooiTcctcd  dcclin&tioQ  ^       ...  2=31  !33r    north. 

7g  Correct  for  ike  Em$irrm  HmS^m. 


Difference  of  declination  in  24  hours  =    23 :32'  Prop.  log.  .     0.8836 

Greenwich  time  = 12!o6:44' Prop.  log.  .     1.14S2 

Constant  logmrithm 9. 1249 


Correction  of  declination  =      ....     -f  12 '42:  Prop.  log.  1. 1517 
Sun'i  declination  at  noon,  March 25th  =  It 56^35:  north. 


Sun's  corrected  declination  =       ...     2:  9!17'ncrth. 

AVe. — In  btrictness,  the  cquriiion  of  lime  at  Greenwich  ought  to  be 
reduced  to  the  given  meridian  :— but,  since  the  greatest  diurnal  diffe- 
rence in  that  clement  nerer  exceeds  30  ^^econds  ;  which,  at  the  utmoii 
extent  0/ hnffiivde^  would  only  affect  the  Greenwich  time  to  the  value  of 
15  Kccoiids ;  and  since  a  difference  of  this  value  cannot  affect  the  sun's 
declination,  (even  at  the  time  of  the  equinoxes,  when  its  diurnal  varia- 
tion iH  the  greatest,)  more  than  the  small  fractiou  0:25,  or  the /bwrtk 
part  of  a  second;  therefore,  for  the  above  purjwsey  the  reduction  of  the 
eqimtion  of  time  may  be  dispensed  with. 

^  Bsmark.^The  young  navigator  must  bear  in  mind  that  the  sun's 
right  ftfcension,  and  declination,  and,  also,  the  equation  of  time  are 
ahoay  to  be  taken  from  page  II.  of  the  month  in  the  Nautical  Almanac : 
the  elements,  of  the  same  denominations,  in  page  I.  of  the  month,  and 


,  \ 
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which  are  adapted  to  '^  Apparent  Time/'  are  entirely  for  the  use  of 
astronomers,  and  not  for  the  purposes  of  navigating  a  ship  over  the 
boundless  ocean. 

Note, — ^The  sun's  right  ascension  is  given  in  the  Ephemeris  to  Atcii- 
dredths  of  a  second,  and  his  declination  to  tenths  of  a  second ;  and 
the  equation  of  time  to  hundredths  of  a  second  : — but,  since,  for  prac- 
tical purposes  at  sea,  the  nearest  second  in  either  of  these  elements  will 
be  sufficiently  near  the  truth ;  if,  therefore,  the  decimals  in  the  right 
ascension,  and  in  the  equation  of  time  be  50  or  under,  reject  them ; 
but  if  they  be  more  than  50,  increase  the  seconds  in  the  right  ascen- 
sion, and  equation  of  time  by  unity  or  L  In  like  manner,  should  the 
decimal  in  the  declination  be  5,  er  under,  reject  it ;  but,  if  it  be  nuire 
than  5,  increase  the  seconds  of  declination  by  unity  or  1  ^  as  in  the 
preceding  example. 


Problem  XV. 

To  Reduce. the  Moon's  Stniidiameter ;  Horizontal  Parallax;  Longitude, 
and  Latitude,  as  given  in  the  Nautical  Almanac,  to  any  given  Mean 
Time  under  a  knoum  Meridian. 

Let  the  given  mean  time  at  ship  or  place  be  always  reckoned  from 
the  preceding  noon  ;  to  which,  apply  the  longitude,  in  time  (reduced 
by  Problem  I.,  page  341),  by  addition,  if  it  be  west ;  but  by  subtraction 
if  cast ;  the  sum,  or  difference,  will  be  the  corresponding  mean  time 
at  Greenwich;  with  reference  to  the  conditions  in  Problem  III.,  page 
842 ;  noting  whether  it  be  past  noon  or  midnight. 

Take  from  pages  III.  and  IV.  of  the  month  in  the  Nautical  Al- 
manac, the  moon's  semidiameter,  horizontal  parallax,  longitude,  and 
latitude  for  the  noon  and  midnight  immediately /?recerfm^  VluA  following 
the  Greenwich  time  ;  and  find  the  difference :— Then,to  the  proportional 
log.  of  this  difference,  add  the  proportional  log.  of  the  Greenwich  time 
past  the  preceding  noon  or  midnight  (reckoning  the  hours  as  minutes,  and 
the  minutes  as  seconds),  and  the  constant  log.  8. 8239  j*  the  sum  of 
these  three  logs,  abating  10  in  the  index,  will  be  the  proportional  log. 
of  a  correction,  which  is  always  to  be  added  to  the  moon's  longitude,  at 
the  noon  or  midnight  preceding  the  Greenwich  time ;  but  to  be  applied 
by  addition  or  subtraction  to  her  latitude,  semidiameter,  or  horizontal 


*  This  it  the  aritbmeUcal  complement  of  the  proportioual  log.  of  12  honrt,  eiteemed  aa 
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parallax,  at  that  noon  or  midnight,  according  as  it  may  be  increaiungor 

decreaiiug. 

Note. — Since  the  difference  of  the  moon's  longitude  in  12  howv  will 
always  exceed  the  limits  of  the  Table ;  if,  therefore,  an  aliqaot  part,  u 
i  or  I  of  such  difference  be  taken,  and  the  correction  resulting  there- 
from be  multiplied  by  2  or  3,  as  the  case  may  be,  the  required  corree- 
tionwill  be  obtained. 

Example^ 

Required  the  moon's  semidiameter,  horizontal  parallax,  longitude, 
and  latitude,  January  lOth^  1836,  at  2  ^40?  10?  mean  time,  under  a 
meridian  which  is  70?10T45C  west  of  Greenwich. 

Mean  time  at  ship  or  place 2^4O'\0l 

Given  longitude  70?10:45r,  in  time  =     .  +4.40.  43 


Greenwich  time  past  noon  of  the  given  day      7*20T53! 

To  find  the  Moon's  Semidiameter  :— 

Difference  in  12  hours  =     .     .     +  6Y  Prop.  log.  ....  3.3345 

Greenwich  time  7*20:53!,  or       7*2lT  Prop,  log 1.3890 

Constant  logarithm 8.8339 


Correction -f  3r  Prop,  log 3.5474 

Moon's  semidiameter  at  noon  =15^41^ 


Moon's  correct  semidiameter   .  15 '44^,  as  required. 

To  find  the  Moon's  Horizontal  Parallax*  : — 

Difference  in  12  hours  =      .     .     -f20rProp.log.       .     .     .2.7324 

Greenwich  time  7*20753!,  or        7*21  r  Prop,  log 1.3800 

Constant  logarithm 8.  ^99 


Correction +  12:  Prop.  log.       .     .     .2.9453 

Moon's  hor.  par,  at  noon    .     •    57' 33'' 


Moon's  correct  hor.  parallax    .    57 '45'',  as  required. 


•  See  the  Article  relathig  to  the  moon's  horizontal  parallax,  between  pages  29  and  35. 
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To  find  the  Moon's  Longitude  : — 

•    •  • 
•  •      • 

Difference  in  12  hours  =6? 42^56?  ■*-3=2?14'.18t?  Prop.  log.  0. 1272 

Greenwich  time •!  7 -20:53:    Prop.  log.  1.3891 

Constent  logarithm 8.8239 

One  third  of  the  correction  s  l?22n4ir  Prop,  log 0.3402 

Multiply  by    •     •     •  3 

Whole  correction  =     .     •     .4?  6M2r 
Moon's  longitude  at  noon     184.20.37 

Moon's  approximate  long.    188?36'  19^,  as  required. 

To  find  the  Moon's  Latitude  :-^ 

Difference  in  12  hours  .  .  .  -23  ^  dr  Prop.  Idg.  .  .  .0.8907 
Greenwich  time  ....  .  7*20r53!  Prop.  log.  .  .  .  1.3891 
Constant  logarithm ,     .     ,    .  8.8239 


V 


Correction —  14m r  Prop.  log.     .    .    .l.lOSf 

Moon's  latitude  at  noon       •    .  4?  6^53^ 

Moon's  approximate  latitude     3?52'42t'^  as  required. 

Remarks. — 1.  When  much  accuracy  is  required^  the  proportional 
part^  or  correction  of  the  moon's  longitude  and  latitude^  found  as 
above,  must  be  corrected  by  the  equation  of  second  difference  con- 
tained in  Table  XVII ,  as  explained  between  pages  35  and  37. — And, 
in  all  cases,  the  moon's  semidiameter  must  be  increased  by  the  aug- 
mentation given  in  Table  IV.,  as  explained  between  pages  8  and  11. 

2.  The  above  problem  may  be  very  correctly  solved  by  means  of 
Table  XVI.     (See  the  explanation  thereof  in  page  27.) 

3.  The  moon's  semidiameter,  horizontal  parallax,  &c.,  arc  given  in 
the  Nautical  Almanac  to  tenths  of  a  second ;  but,  since  the  nearest 
second  in  those  elements  will  be  sufficiently  near  the  tenth  for  the  com- 
mon purposes  of  navigation  ;  Jf,  therefore,  the  decimal  be.  5,  or  under ^ 
reject  it ;  but  if  it  be  more  than  5,  increase  the  seconds  of  the  fMmU 
diameter,  horizontal  parallax,  &e.,  by  unity  or  1 )  as  in  the  above 
example. 
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Problem  XVI. 

To  Redu^je  the  Moon* 8  Right  Atcenrion  and  Declmaium^  a$  given  in  On 
Nautical  Almanac,  to  any  other  Meridian,  and  to  any  given  Tim 
under  that  Meridian. 

Rule. 

To  the  nieau  time  at  ship  or  place,  always  reckoned  from  iiepreeel 
ing  noon,  add  the  longitude  in  time  if  it  be  west,  but  subtract  it  if  eMl» 
the  sum,  or  difference,  will  be  the  meim  time  at  Greenwich. 

Enter  the  Nautical  Almanac,  between  pages  V.  and  XII.  of  tbe 
month,  and  take  out,  under  the  given  day,  the  right  aacenaionsaMi 
declinations  answering  to  the  hours  which  are  next  leee  and  nextgreaiar 
than  the  hour  in  the  6reen>vich  time ;  and  find  the  difference  of  each: 
—Then, 

To  the  proportional  logarithm  of  the  difference  thue  found  i  add  Ik 
proportional  logarithm  of  the  minutes  and  seconds  in  the  Greenwid 
time,  and  the  constant  logarithm  9.5229;*  the  sum,  abating  10  in  t^ 
index,  will  be  the  proportional  logarithm  of  a  correction,  whiehis 
always  to  be  added  to  the  right  ascension  at  the  next  less  hour;  bat, to 
be  applied  by  addition  or  subtraction  to  the  declination,  at  that  hour, 
according  as  it  may  be  increasing  or  decreasing. 

Example. 

Required  the  moon's  right  ascension,  and  declination,  on  the  Ist  day 
of  July,  1836,  at9!30T36f  mean  time;  the  longitude  being  70?  14 :30r 
east  ?  * 

Mean  time  at  ship  or  place    ......     9t30T36! 

Longitude  /O?  14 '. 30 r  east,  in  time  =     .     .  — 4. 40. 58 

Mean  time  at  Greenwich 4*49T38! 

To  find  the  Right  Ascension  ;— 

Moon's  right  ascension  at  4  hours  =  21  *28T21  f 
Ditto  at  5  hours  =  2 1 .  30. 48 


Difference  of  right  ascension  .  .  +  2r27'  Prop.  log.  .  1.8661 
Minutes,  &c.,  in  Greenwich  time  .  49.  38  Prop.  log.  .  0. 55S5 
Constant  logarithm  (Prop.  log.  Ar.  Comp.  of  60T)     .     .     .     .9.5229 

Correction        +2r  2!  Prop.  log.     .1.9485 

Moon's  right  ascension  at  4  hours  =  21 .  28. 21 

Moon's  correct  right  ascension    .     .  21  *30?23!,  as  required. 


*  This  It  the  prop.  log.  ar.  comp.  of  60  minutes,  or  1  hour. 
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To  find  the  Declination  ^— • 


Moon's  declination  at  4  hours  =  20?  19'. 90^  south. 
Ditto  at  5  hours  s  30.   a   0   ditto 


Difference  of  declination  .  .  .  —  11^30r  Prop.  log.  .  .1.1946 
Minutes,  &c.,  in  Greenwich  time  49. 38  Prop.  log.  •  •  0. 5595 
Constant  logarithm     .    •     »     •     , 9.5229 

•  •  •  ■  • 

Correction —  9'3ir  Prop.  log.     .     .1.2770 

Moon's  declination  at  4  hours  =  20. 19. 30 


Moon's  correct  declination     •    •  20?  9 '.59?,  south  as  required. 

Note. — ^The  moon's  right  ascension  is  given  in  the  Nautical  Almanac 
to  the  hundredthM  of  a  second,  and  her- declination  to  ienth»  of  a 
second :  however,  for  the  common  purposes  of  navigation,  the  nearest 
second  in  either  of  those  elements  will  always  be  sufficiently  near  the 
truth  ;  and,  therefore,  if  the  decimals  in  the  right  ascension  be  50,  or 
under,  reject  them ;  but  if  they  be  more  than  50,  increase  the  seconds 
of  R.  A.  by  unity  or  1.— And,  in  like  manner,  should  the  decimal  in 
the  declination  be  5,  or  under,  reject  it ;  but  if  it  be  more  than  5^ 
increase  the  seconds  in  this  element  by  unity  or  1 ;  as  in  the  above 
example. 

Remarks. — In  cases  of  great  nicety,  or  when  the  moon's  right 
ascension  is  required  to  hundredths  of  a  second;  let  the  following 
method  be  adopted,  and  the  value  of  that  element  will  be  obtained  to 
an  extreme  degree  of  exactness. 

Rule  . — Multiply  the  decimals  or  hundredths  of  a  second  by  6,  and 
they  will  be  converted  into  thirds ;  observing  to  cut  off  the  right-hand 
figure  in  the  product.  Then,  to  the  proportional  logarithm  of  the  dif- 
ference of  right  ascension,  in  minutes,  seconds,  and  thirds,  esteemed 
as  hours,  minutes^  and  seconds,  add  the  proportional  logarithm  of  the 
minutes  and  seconds  in  the  Greenwich  time,  and  the  constant  logarithm 
9. 5229  ;  the  sum,  abating  10  in  the  index,  will  be  the  proportional 
logarithm  of  a  correction  in  hours,  minutes,  and  seconds,  which  are  to 
be  considered  as  minutes,  seconds,  and  thirds : —  annex  a  cipher  to  the 
thirds,  then  divide  by  6,  and  they  will  be  reduced  to  decimals,  or  to 
hundredths  of  a  second.  In  illustration  of  this,  we  will  compute  the 
correction  of  the  mooh's  right  ascension  at  the  Greenwich  time  in  the 
last  example.  .        . 
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Mooii'ts  right  ascension  at  4  hours       31  i2S790f 88 
Ditto  at  5  hours    s.2L30.4a03 


Difference  of  right  aseension      •     •  S?27'3& 

Multiply  the  decimals  by    .     •     .6 


Diff.  of  R.  A.  esteemed  as  hours,  &c.  2t37'3I  !  Prop.  log.  O.OM 
Minutes  &c,,  in  Greenwich  time  *  40, 38  Prop.  k^.  0. 6Bt6 
Constant  logarithm 9.52S9 

^orrec.  to  be  esteemed  as  minutes,  &c.       2^  1T54!  Prop.  Icy.  0. 16B 
Annex  a  cipher  to  the  54 ;  divide  by  6,  and  the  result  is  90 :  henoei 
the  true  correction  of  the  moon'a  right  ascension  bs«:       2T   1 !  90 
Moon's  right  ascension  at  4  hours 21 .  28. 20. 68 

Moon's  true  right  ascension 21t90?23!58;wludi 

is  strictly  correct. 


Problem  XVII. 

7b  Reduce  the  Geocentric  Right  Aacenrion  and  DecUnatian  of  a  PUmet^m 
given  in  the  Nautical  Almanac^  to  any  given  Tbne  under  a  Jbmw 
Meridian. 

Rule. 

Let  the  given  mean  time  at  ship  be  always  reckoned  from  the  pn* 
ceding  noon ;  to  which,  apply  the  longitude,  in  time^  (reduced  by  Pro- 
blem I.,  page  341,)  by  addition  if  it  be  westy  but,  by  subtraction  if  east: 
the  sum,  or  difference  \rill  be  the  corresponding  mean  time  at  Green- 
wich ;  subject  to  the  conditions  in  Problem  III.,  page  342. 

Take,  from  between  pages  279  and  302,  or  from  between  pa^fes  323 
and  346  of  the  Nautical  Almanac,  the  given  planet's  geocentric  right 
ascension  and  declination  for  the  noons  immediately  preceding  and 
following  the  Greenwich  time,  and  find  their  difference  ;  then, 

To  the  proportional  logarithm  of  this  difference,  add  the  propor- 
tional logarithm  of  the  Greenwich  time,  (reckoning  the  hours  as 
minutes,  and  the  minutes  as  seconds,)  and  the  constant  logarithm 
9.1249  ;*  the  sum,  abating  10  in  the  index,  will  be  the  proportional- 
logarithm  of  a  correction ;  which,  being  applied  by  addition  or  sut^- 

9 

*  The  srith.  comp.  of  the  prop.  log.  of  24  hours  esteemed  m  imM^ 
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traction  to  the  geocentric  riglit  ascension  and  declination  of  the  planet 
at  the  noon  preceding  the  Greenwich  time^  according  as  these  elements 
may  be  increasing  or  decreasing  ;  the  result  will  be  the  correct  right 
ascension  and  declination  of  the  given  planet« 

Example. 

Required  the  geocentric  right  ascension  and  declination  of  the  planet 
Venus^  January  3rd^  1836^  at  5*20?36!  mean  time;  the  longitude 
being  150?40a5r  east  of  Greenwich  ? 

Given  mean  time      ....;..     5?20ra6! 
Longitude  150?40r  15r  east,  in  time  a— 10.  2. 41 


Greenwich  mean  time 19*17"65'   past  noon  of  the* 

preceding  day,  viz.,  of  January  2nd* 

The  difference  of  R.  A.  between  the  noons  of  Jan.  '2nd  and  3rd  is' 
5T12,  increasing. 

Ditto,  of  declination,  ditto  16 '.59''  decreasing. 

To  find  the  Right  Ascension : — 

Greenwich  mean  time  .  .  •  .  19M7\55' Prop.  log.  •  .0.9697 
Variation  of  R.  A.  in  24  hours  .  +  5Tl2f  Prop.  log.  .  •  1.5393 
Constant  logarithm     .     * 9. 1249 


Correction 4-  4rl If  Prop.  log.  .  1.6339 

Venus's  R.  A.  at  noon,  January  2nd=s  20i22?58! 


Venus's  correct  right  ascension  s=     .  20*27*  9',  as  required. 

ifo  find  the  Declination: — 

Greenwich  mean  time 19*17"55?  Prop.log.    .0.9697 

Variation  of  declination  in  24  hours  .    -  J6C59rProp.log.    .  1.0252 
Constant  logarithm 9. 1249 


Correction  = - 13  MOf  Prop.  log.  1. 1198 

Venus's  declination  at  noon,  January  2nd  21  ?  If  41  south. 


Venus's  correct  declination      ....  20?47'24f  south. 

In  the  same  manner  may  the  heliocentric  longitude  and  latitude  of  a 
planet  be  reduced  to  any  given  time  utider  a  knoirn  meridian^ 
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Remarki.'^l.  In'the  Nautical  Almanac^  Jbctwcca  pages  2Q7  *Bd35fl^ 
the  geocentric  right  ascensions  of  the  planets  are  giTen  to  kmmiriMi 
of  a  second^  and  their  declinations  to  tenikg  of  a  second ;  Imt,  since  Ak 
nearest  second  in  either  of  these  elements  will  alwmi^  be  anfficieiidj 
exact  for  the  ordinary  purposes  of  navigation  ;  therefore,  the  decimak 
may  be  dispensed  with,  as  in  the  above  example : — see  the  moie  whick 
is  given  at  the  end  of  the  solution  to  Problem  XIV.,  in  page  361. 

2.  It  is  only  the  four  bright  planets,  viz.  Venus,  Mara,  Jupiter,  adl 
Saturn,  that  concern  the  practical  navigator.  The  other  planets,  viSi, 
Mercury,  the  Georgian,  and  the  asteroids,  Vesta,  Juno,  Fallas,  aod 
CereSi  are  but  very  rarely  visible  to  the  naked  eye;  the  first,  becanse 
its  proximity  to  the  sun  causes  it  to  be  generally  lost  in  the  splcndoor 
of  the  solar  rays ;  the  second,  because  of  its  immense  dbtance  from 
the  earth;  and  the  asteroids,  because  of  their  comparative  minmeness; 
and  therefore  they  are  of  no  manner  of  use  whatever  for  nautical  par- 
poses  on  the  hiffh  $ea$. 


Problem  XVIII. 

Given  the  observed  Mean  Timey  per  Watch,  of  the  Sun*$  TVoiwtV  orrr 
the  Meridian  of  a  Given  Place ;  to  find  the  correct  Mean  Time  (/ 
Traneit. 

Since  the  time  of  the  sun's  transit  over  the  meridian  of  any  place  is 
indicated  by  the  instant  that  a  correct  sun-dial  projects  its  shadow 
along  the  plane  of  the  meridian,  cither  north  or  south,  according  to  its 
position  with  respect  to  the  equator,  viz.,  M'hen  the  shadow  shows 
O^OTO!  ;  therefore  the  solution  of  this  problem  is  simply  to  convert 
apparent  noon  into  mean  noon  :  this  may  be  done  by  the  following 

Rule. 

To  the  given  observed  mean  time  of  transit  apply  the  longitude  in 
/tiTitf,  as  directed  in  Problem  III.,  page  342;  the  result  will  be  the  cor- 
responding mean  time  at  Greenwicii :  to  which,  let  the  equation  of 
time,  in  page  IL  of  th^  month  in  the  Nautical  Almanac,  be  reduced  by 
Problem  XIV.,  page  357-  Now,  when  the  equation  of  time  is  noted 
for  addition  in  page  I.  of  the  month,  (the  sign  in  this  page  being  always 
the  reverse  of  what  it  is  in  page  II.),  let  the  apjyarent  noon  be  called 
0*OtO!  ;  but,  when  it  is  noted  for  subtraction^  call  the  apparent  noon 
24!0?0'  : — ^Then,  in  the  first  case,  0*0":'0?  +  the  reduced  equation  of 
time;  and,  in  the  second,  24^0T0!  —  the  reduced  equation  of  time  will 
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be  the  correct  mean  time  of  the  sun's  transit  or  passage  over  the  meri- 
dian of  any  given  place. 

>    Exanq^le. 

September  29th,  1836,  at  23?50?7'  mean  time,  perivatch,  the  sun 
was  observed  to  pass  the  meridian  of  a  place  90?45C  west  of  Green- 
wich ;  required  the  correct  mean  time  of  transit  ? 

Mean  time,  per  watch     .     .     .     .  23!50T  7- 
Longitude  90?451  west^  in  time   .    6.   3.   0 

Greenwich  time  past  noon,  Sept.  30  5 1 53T  7 '  Prop.  log. .  •  1  •  48S5 
Variation  of  equation  in  24  hours  =  1 9  fl  5  Prop.  log. .  .  2. 7^  14 
Constant  logarithm 9.1249 

Correction  = .        4! 72  Prop.  log.      •  3.3618 

Equation  of  time  at  noon,  Sept.  30  =  IOT  5!  52 

Reduced  equation  of  time  .  .  .  10'!'10!24.— Now,  since  the  equa- 
tion of  time  is  marked  sub  tractive  in  page  I.  of  the  month  in  the 
Ephemeris;  therefore,  24*  —  10T10!24=  23*49r49?76,  is  the  cor- 
rect;, mean  time  of  the  sun's  transit  over  the  given  meridian. 

Note. — Since  this  is  merely  the  conversion  of  apparent  noon  into 
mean  noon ;  it  does  not  require  any  further  illustration. 

See  Explanatory  Articles  35  and  36,  relative  to  the  Bquatwn  of  Time, 
between  pages  310  and  313. 


Problem  XIX* 

Given  the  Mean  Time  at  Ship y  per  Watch j  and  the  Sun's  Horary  Distance 
from  the  Meridian  ;  to  find  the  Correct  Mean  Time: — or,  to  convert 
Apparent  Time  into  Mean  Time. 

Rule* 

To  the  given  mean  time  at  ship,  or  place,  apply  the  longitude,  in 
time,  as  directed  in  Problem  III.,  page  342  j  the  result  will  be  the  cor- 
responding mean  time  at  Greenwich : — to  which  let  the  equation  of 
time,  in  page  II,  of  the  month  in  the  Nautical  Almanac,  be  reduced  by 
Problem  XIV.,  page  357.  Now,  this  reduced  equation  being  applied 
to  the  sun's  horary  distance,  viz.,  the  apparent  time,  with  a  contrary 
sign  to  what  it  is  marked  in  page  II. ;  or,  which  may  be  something 

B    B 
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plainer^  aM>rding  to  its  rign  in  page  L  of  the  mMih  j  die  fesdlt  wiD  k 

the  correct  mean  time  at  the  given  place. 

<  Example. 

February  let,  1836^  at  3M0720f  mean  time,  per  watch,  in  lon|^ 
50?40^.  west,  the  sun's  horary  distance  from  the  meridian^  or  tktefftr 
rent  timsj  was  3^6735 !  ;  required  the  correct  mean  time  ? 

Given  mean  time  = 3*10T20J 

Longitude  50M0C  west,  in  time     .     •     .3.22.40 

Greenwich  time    = 6t33T  07  Prop.  log.  1.4800 

Vtif  lation  of  equation  of  time  in  24  hours      28734    Prop.  log.  2. 5811 
Constant  logarithm  = 9.  I2I> 

Confection  = 7775       Prop.  log.  3. 1451 

Equation  of  time  at  noon,  Feb.  1  st  =    +3T34t91 

Reduced  equation  of  time  ==      .     .     +3T42  766 ;  the  sign  as  in  page  L 
Given  apparent  time  =     .     .     .     .  3*  6T357 — 

Correct  mfean  time  ^ 3M0TI7766,  as  required. 

Remarks — 1.  Although  the  above  example  is  worked  out  to*  tie 
hundredths  of  a  second;  yet,  it  is  not  absolutely  necessary  to  do  so: 
because^  for  all  practical  purposes  at  sea,  the  nearest  second  will  be  fonnd 
quite  sufficient ;  as  pointed  out  in  the  note  which  is  appended  to  Problem 
XIV.,  in  page  357: — ^This  will  appear  manifest  by  reflecting  that  an 
error  of  one  second  in  the  time  will  only  affect  the  longitude  to  the  value 
of  a  quarter  of  a  mile  ;  which,  in  nautical  operations,  on  the  ocean,  may 
well  pass  unnoticed,  as  not  worthy  of  a  consideration. 

2.  The  young  navigator  must  bear  in  mind  that  apparent  time  only 
relates  to  the  sun  ;  it  has  nothing  whatever  to  do  with  the  rest  of  tbe 
heavenly  bodies.  See  Articles  35  and  36,  between  pages  310  and  318| 
relative  to  the  Equation  of  Time,  &c.  &c. 


Problem  XX. 

Given  the  Mean  Timey  and  the  Horary  Distance  of  the  Moon,  a  Fitted 
Star^  or  a  Planet ^  from  the  Meridian  ;  to  find  the  Correct  Mean  Time* 

Rule. 

To  the  given  mean  time  at  ship,  or  place,  apply  the  longitude,  in 
timlti  as  directed  in  Problem  III.,  page  342 1  the  result  will' be  the 
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corresponding  mean  time  at  Greenwich  :  to  which  time  let  the  fntM 
Biin's  right  ascension  (viz.,  the  "  Sidereal  Time/*  which  is  giveti  in 
page  II.  of  the  month  in  the  Nautical  Almanac),  be  reduced  by  Problem 
v.,  page  344.—  Reduce  the  star's  right  ascension,  as  given  in  the  pages 
between  368  and  407  of  the  Nautical  Almanac,  to  the  given  day ;  but, 
the  right  ascension  of  the  moon,  or  a  planet,  must  be  reduced  to  the 
Greenwich  time  by  Problem  XVL,  page  364,  or  XVII.,  page  366 : — 
Then,  if  the  given  celestial  object  be  west  of  the  meridian,  let  its 
horary  distance  be  applied  by  addition  i  but  if  eoBt  by  subtraction  to  its 
corrected  right  ascension  : — the  result  will  be  the  right  ascension  of 
the  meridian. — From  this,  increased  by  24  hours  if  necessary,  subtract 
the  reduced  mean  sun's  right  ascension;  and  the  remainder  will  be  the 
correct  mean  time.  ^     • 

Example  1. 

May  1st,  1836,  at  10*21^24!  mean  time,  per  watch,  in  longitude 
70?36'  east,  the  horary  distance  of  An  tares,  east  of  the  meridiat)>  was 
3*20Tl3f ;  required  the  correct  mean  time  ? 


Given  mean  time  =    .  10*2ir24! 
Longitude  70?36'  east, 
in  time  =     .     .     .  —4. 42. 24 


(Greenwich  time 


.    6*39r  0? 


Mean  sun's  R.  A.  at 

noon,  May  1st  =  .  2*87?46!20 
Equation  to  6^30?  in 

Table  XLVI.s     .    +0.66.69 


Mean  sun's  cor.R»  A.tt2?38r4i  !89 


Right  ascension  of  Antares,  per  Ephemeris  =• 
Horary  distance  of  ditto, — east  of  meridian     . 

Right  ascension  of  the  meridian  =     .     •     .     * 
Mean  sun's  corrected  right  ascension     .     .     . 

Correct  mean  time,  at  given  meridian   as     . 


.    16* 19723 !26 
.  -3.20.13  — 

.   12t59'rio:26 

.  -2.38.41.89 

.  io*20?a8;87 


Example  2. 

May  3rd,  1836,  at  17*44737!  mean  time,  per  watch,  in  longitude 
76°  42'  east,  the  horary  distance  of  the  moon,  west  of  the  meridian, 
was  3*  12T33!  ;  required  the  correct  mean  time  ? 


Givfeh  mean  time  =  .  17*44737' 
U)ngitude76?42'  east, 
in  time  =     .     .     .  —5.   6. 4d 


Breenwich  time     .     .  12*37749? 


Mean  sun*s  R.  A.  at 

noon.  May  3rd  =  2*46739f31 
Equationtol2?37749f 

in  Table  XLV.=       +2.  4.49 


■'  •  I- 


Mean  sun* 8  cor .  R,  A.  =5=2!  47*48  f  90 
B92 
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Moon's  right  ascension  reduced  to  Greenwich  time  s  •  17^19^^-17 
Moon's  horary  distance^  tret/ of  meridian     •    •    •     •     4-3. 12. 33* ~ 

Hight  ascension  of  the  meridian  = 20?32rl5'17 

Mean  sun's  corrected  right  ascension      •     •'  •     •     •     »  2. 47- 43. 80 

Correct  mean  time  at  the  gi?en  meridian 17-44?31']V 

JVb/6«— In  the  same  manner  may  the  mean  time  at  ship,  or  placcilie 
deduced  from  the  horary  distance  of  a  planet. 


Problem  XXI. 

Gwen  the  Mean  Time  under  a  knoum  Meridian  ;  to  find  the  Swiii  Harwrji 
Distance  from  the  Meridian: — or,  to  conv.ert  Mean  Time  into 
Apparent  Time. 

Rule. 

This  problem  is  merely  the  converse  of  Problem  XIX.^  page3G9; 
^-hence,  let  the  equation  of  time,  page  II.  of  the  month  in  the  Nauti- 
cal Almanac,  be  reduced  to  the  mean  time  at  Greenwich : — ^theii,  thu 
reduced  equation  being  applied  to  the  given  mean  time  according  to  iti 
sign  in  that  page ;  the  result  will  be  the  sun's  horary  distance  from  the 
meridian ;— or,  in  other  words,  the  apparent  time  at  the  given  meridian. 

Example. 

February  1st,  1836,  at  3M0rl8?  mean  time,  in  longitude  50 ?40^ 
west ;  required  the  sun's  horary  distance  from  the  meridian  ? 

Given  mean  time 3*10Tl8f 

Longitude  50? 40  C  west,  in  time  =  +3.22.40 

Greenwich  time  =  .     .....    6*32T58! — Now,  tht  equation  of 

time,  page  II.  of  the  Naut«  Aim.,  being  reduced  to  the  tiitie  at  Green- 
wich; the  result  will  be,  to  the  nearest  second        3T43!  subtraetive. 
Given  mean  time  = 3  HO?  18! 


Sun's  horary  distance  from  the  meridian  =      3V  6?35f ;  or  the  iggMi* 
rent  time  from  noon. 

Note. ^^ The   apparent  time  only  relates  to  the  sun;  it  does  not 
apply  to  either  the  moon,  the  fixed  stars,  or  the  planets. 

See  Explanatory  Article  36,  page  313,  relative  to  applying  the  equa-. 
tion  to  mean  timei  and  conversely. 
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Problem  XXII. 

Given  the  Mean  Time  under  a  knovm  Meridian  ;  to  find  the  Meridional 
Horary  Distance  of  the  Moon,  a  Fixed  Star,  or  a  Planet. 

Rule. 

To  the  given  mean  time  at  ship^  or  place^  ^PP^y  ^^^  longitude  in 
time^  agreeably  to  the  directions  contained  in  Problem  III.^  page  342  : 
the  result  will  be  the  corresponding  mean  time  at  Greenwich ;  to 
which  time,  let  the  mean  sun's  right  ascension  (viz.^  the  ^'  Sidereal 
Time,"  in  page  II.  of  the  month  in  the  Ephemeris),  be  reduced  by 
Problem  V.,  page  344. 

To  the  mean  sun's  reduced  right  ascension,  add  the  mean  time  at 
ship,  or  place,  and  the  sum,  abating  24  hours,  if  necessary,  will  be  the 
right  ascension  of  the  meridian. — (Problem  VI.,  page  345.) — ^Now, 
the  difference  between  this  and  the  corrected  right  ascension  of  the 
given  celestial  object,  will  be  the  required  horary  distance  from  the 
meridian :  which  will  be  east  when  the  right  ascension  of  the  given 
object  is  greater  than  the  right  ascension  of  the  meridian ;  otherwise 
it  will  be  tcest. 

It  must  be  remembered  that  the  right  ascension  of  the  moon  is  to 
be  reduced  by  Problem  XVI.,  and  that  of  a  planet  by  Problem  XVII. 
— ^The  right  ascension  of  a  star  is  to  be  taken  from  the  Nautical 
Almanac  (between  pages  368  and  407),  and  reduced  to  the  given  day. 

Example  ] . 

May  Ist,  1836,  at  10*20r28f  correct  mean  time,  in  longitude  70?36^ 
east ;  required  the  horary  distance  of  Antares  from  the  meridian  ? 


Mean  time  at  ships  .  10*20r28; 
Longitude70f36'  east, 

in  time  =     .     .     .  —4. 42. 24 


Greenwich  time  =     .     5*38?  4' 

Mean  sun's  cor.  R.  A.  2t38r41  !73 

Given  mean  time  at  ship 10. 10. 28  — 


Mean  sun's  R.  A.  at 

noon,  May  1st  =  .  2 1 37^46!  20 
Equation  to  5*38r4! 

in  Table  XLVI.     .  +  0.55.53 


Right  ascension  of  the  meridian,  or  sidereal  time      .     .  12*49?  9'73 
Right  ascension  of  Antares   . 16.29.23.26 


Star's  horary  distance  from  the  meridian 3*20?13f53 

which  is  ea«/,  because  the  star's  right  ascension  is  greater  than  the 
right  ascension  of  the  meridian. 
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Example  2. 

May  3rd,    1836,   at  17M4T3I!   correct    mean  time,  in  longitude 
76/42^  east;  required  the  moon's  horary  distance  from  the  meridian t 

Mean  time  at  ship    =   17*44731 '    Mean  sun^s  R.  A.  at 
Lon^tude  76?42f  E.  noon.  May  3rd  =  2t45?a9!31 

in  time     .     .     .    —5,   6.48      Eqn.   to    12*37':43! 

I      in  Tdble  XLVI.  =   +2.  4.48 


Greenwich  time  =     .  12!37T43:  | 

;  3rem  smi's  cor.  R. A.  2? 47"43!79 
Given  mean  time  at  ship  = _17*44.31  — 


Right  ascension  of  the  meridian,  pr  sidereal  time  =     .  20'32Tl4!79 
Moon's  corrected  right  ascensions —I7-19«  41.92 


Moon's  horary  distance  from  the  meridian  =  .     •     .     .  3M2t32?87i 
which  is  weitj  because  the  moon's  right  ascension  is  /est  than  the  ri^ 
ascension  of  the  meridian. 
The  above  is  simply  the  converse  of  Problem  XX.,  page  370. 

Remark. — ^The  reason  of  the  horary  distance  being  called  Mfl,  in  the 
first  example,  and  weit  in  the  second,  will  appear  obvious  by  reflecting 
that  as  the  right  ascension  of  the  meridian  sign^ies  thai  paitU  qfths 
Equinoctial  which  comes  to  the  meridian  of  a  place  at  any  given  Htus 
and,  as  that  point  expresses  the  right  ascension  of  the  heavens,  reck- 
oned in  sidereal  time  from  the  first  point  of  Aries ;  therefore,  any  star 
or  other  celestial  object^  whose  right  ascension  is  greater  than  the 
right  ascension  of  the  said  point  of  the  Equinoctial  at  a  given  time,  is 
to  the  eastward  at  the  meridian  which  it  represents ;  and  vice  versa, 
any  star,  or  other  celestial  object,  whose  right  ascension  is  /es»  than  the 
right  ascension  of  the  sAid  point ,  is  to  the  westward  of  the  same  meri* 
dian.  Let  the  young  navigator  attend  to  this  remark,  and  he  will 
never  be  at  a  loss  to  know  the  true  position  of  a  heavenly  body  at  any 
time,  with  respect  to  the  meridian  of  a  given  place. 


m* 


Problem  XXIII. 

Given  the  Observed  Altitude  of  the  Lower,  or  Upper  Limb  qfths  Btms 

to  find  the  true  Altitude  qfits  Centre. 

Rule. 

To  the  observed  altitude .  of  the  sun's  lower  limb  *  (corrected  for 

*  S€C  Articles  60  and  61,  page  326. 
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ind^x  error^  if  any)^  a4d  the  difference  betweeii  its  ^enn^hn^ter* 
^nd  the  dip  of  the  horizon  j  f  the  sum  M'ill  h^  the  apparent  altitude  pf 
the  sun's  centre  :  or^  from  the  corrected  ohserved  altitude  of  the  suit's 
upper  limb  subtract  the  sum  of  the  semidi^meter  ^  and  the  dip  of  the 
bori^n  ;t  and  the  remainder  wiU  be  the  apparent  central  altitude. 

Now^  from  the  apparent  altitude  of  the  sun's  pentre,  thu^  foupd, 
subtract  the  difference  between  the  refraotigp  |  cgrrespondiiig  theveto, 
»nd  the  parallax  in  aititudej§  and  the  re^iaindep*  will  be  the  tr^e  fi\\\' 
tude  of  the  sun's  centre. 

Noh.. — The  difei'mfiehetwfien  the  reff^tion  and  par^l}ax  constitutes 
the  correction  of  the  sun's  apparent  altitude  in  the  lunar  obtervqliom. 

Example  1. 

Let  the  observed  altitude  of  the  sun's  lower  limb,  by  a^b^'c  observa- 
iion^  be  I6?29',the  height  of  the  eye  above  the  level  of  the  sea  24 
feet,  and  the  sun's  semidiameter  16<  181^ ;  required  the  sun's  true  cen- 
tra) altitude  ? 

Observed  altitude  of  th^  isun's  lovrer  ^mh  T^    •    •  16?29^  Of 

Sun's  semidiameter   =r     .     .     .     ^^•'^^''\n*ff u  li  <ifi 

Dip  of  the  horizon  for  24  feet  s      4. 42   J      .  *"" 


T 


Apparent  ^Ititnde  pf  the  sun's  iceptj-p  :;5     •    .    .•    IQ^^^O'-'d^'! 
Refraction  ; 


3'8fl 


Parallax  -      r^  a    f  Difference  =,..,-    3.  D 


' ^,» 


.    True  aUit^de  of  the  suf)'^  c^i^tre  55    .    .    •    •    J6?37l3j5f 

Example  2. 
Let  the  observed  altitude  of  the  sun's  upper  limb,  by  a/ore  obse^xq- 
tion,  be  18?37',  the  height  of  the  eye  above  the  surface  of  the  water 
30  feet,  4nd  the  sun's  semidiameter  I5'46f  i  required  the  true  cen- 
tral altitude  ? 

Observed  altitude  of  the  sun's  upper  limb  =     .     18?37'  0^ 

gun's  gepiidiapi.eter    =?=...  15;46''l   g      ss  — 21     1 
Dip  of  the  horizon  for  30  feet  =s      5. 15  .  f 


Apparent  altitude  of  the  sun'i  centre  =5  •     •     •     18?  15 '59? 

^'^'^^'^  ^'^l^'l  Dmr^nce  ^      .    .     .    .     -  3.43 
Par^a^s?     0,  8  j 

Tjrue  altlti^de  of  tJie  s^n's  centre  =     ,  .    ,     .     18?]i.3n|5r 


•  Page  II.  of  the  month  ia  the  Nautical  Almanac.       t  Ta'ble  II.       ItabloYIII. 
§  TaWe  VJI, 
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Itemorib.— -As  the  back  obiervatum$  (given  in  the  first  impreMdiiMi  of 
this  work)  are  more  curious  than  useful ;  and,  on  the  whole,  sobgecttD 
so  many  inconveniences  in  practice  as  to  be  very  rarely,  if  ever,  rewited 
to  for  the  purpose  of  finding  the  latitude  of  a  ship ;  they  are,  conse- 
quently, omitted  in  the  present  edition,  as  points  not  deserving  the 
mariner's  attention. 

The  reader  is  now  requested  to  observe  that  throughout  the  rest  of 
this  work  the  altitudes  of  the  heavenly  bodies  will  be  adapted  to  tbe 
/are  observations,  the  same  as  in  the  above  examples ;  because  fkm 
observations  are  the  most  natural,  the  most  simple,  and  the  most  con- 
venient to  the  practical  navigator. 


Problem  XXIV. 

Given  the  Observed  Altitude  of  the  Upper j  or  Lower  Limb  of  the  Moon ; 

to  find  her  trite  Central  Altitude. 

Rule. 

To  the  given  mean  time  at  ship,  or  place,  apply  the  longitude,  m 
timCf  agreeably  to  the  directions  contained  in  Problem  III.,  page  342; 
the  result  will  be  the  mean  time  at  Greenwich ;  to  which  let  the  moon'i 
semidiameter  and  horizontal  parallax  be  reduced  by  Problem  XV.,  page 
361  (or  by  Table  XVI.,  as  explained  between  pages  2/  and  29),  and 
let  the  reduced  semidiameter  be  increased  by  the  correction  contained 
in  Table  IV.,  answering  to  it  and  the  observed  altitude : — then. 

To  the  observed  altitude  of  the  moon's  lower  limb*  (corrected  for 
index  error,  if  any),  add  the  difference  between  the  true  semidiameter 
and  the  dip  of  the  horizon ;  or,  from  the  observed  altitude  of  the  upper 
limb  subtract  the  sum  of  the  semidiameter  and  dip,  and  the  apparent 
central  altitude  of  the  moon  will  be  obtained;  to  which  let  the  correc- 
tion (Table  XVIII.)  answering  to  the  moon's  reduced  horizontal  parallax 
and  apparent  central  altitude  be  added,  and  the  sum  will  be  the  altitude 
of  the  moon's  centre. 

Example  1. 

In  a  certain  latitude,  March  lOtb,  1836,  at  13?40t20!,  mean  time, 
the  observed  altitude  of  the  moon's  lower  limb  was  20?10'40f,  and  the 
height  of  the  eye  above  the  level  of  the  sea  24  feet ;  required  the  true 
altitude  of  the  moon's  centre ;  the  longitude  being  35?40'  west  ? 


*  See  Article  62,  page  327. 
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Mn.tinie  of  observation  13?40r2Of 
Longitude  35  ?40'  west^ 

in  time      .    »    .     4-  2. 22. 40 


Greenwich  time  =   .     16*  3?  Ot 


2>  's  reduced  8emidiameters=16'8^ 
Augmentation,  Table  IV.  =       6 


2> 'g  true  semidiameter      .  16' 14^ 
D  's  red.  hor.par.   .     .     .  691 10^ 


Observed  altitude  of  D 's  lower  limb  =  .     .     .     .     .     .     .  20?10^40r 

]>  's  true  semidiameter= 
Dip  of  the  horizon  for  24 


16'14''1 
feet  =    4.42  /   I>ifference  =    .  +11.32. 


Apparent  altitude  of  the  moon's  centre  =••••••  20?22^  12^ 

Correction  answering  to  ditto  and  hor.  par.  in  Table  XyiII.=*+52. 55 

True  altitude  of  the  moon's  centre  = 21?  15'  7^ 

Excanph  2. 

In  a  certain  latitude,  March  26th/  1836^  at  3*30?47!  mean  time, 
the  observed  altitude  of  the  moon's  upper  limb  was  30?17'30^,  and 
the  height  of  the  eye  above  the  level  of  the  sea  30  feet;  required  the 
true  altitude  of  the  moon's  centre;  the  longitude  of  the  place  of 
observation  being  94?  15 '30^  east  of  the  meridian  of  Greenwich  ? 


Mn .  time  of  observation  3  *  30T47  * 
Longitude    94?  15130'/ 

east,  in  time  =    •     —6. 17*   2 


Greenwich  time  =      •    9t  13T45  \ 
Past  midnight  of  the  25th  March. 


2>  's  reduced  scmidiameters:  14 153^ 
Augmentation^  Table  IV.^  +    7 


}> 's  true  semidiameter     .  151  Ot 
2>  Is  reduced  horizontal 
parallax     •    •    «     .     •  54137^ 


Observed  altitude  of  D 's  upper  limb 30?  17130^ 

D  's  true  semidiameter  = 


.     .  151  0^0 
jet=  5..  15   J 


Dip  of  the  horizon  for  30  feet       "^  ^^    a  Sum -.  .     .     .    —  20ll5r 


Apparent  altitude  of  the  moon's  centre  ••.••••  29?57U5T 
Correction  answering  to  ditto  and  hor.  par.  in  Table  XVIII.  =  +45. 40 

True  altitude  of  the  moon's  centre 30?42155i: 


Problem  XXV. 

Given  the  observed  Altittule  of  a  Planet's  Centre,  to  find  its  true  Altitude. 

Rule. 
From  the  planet's  observed  central  altitude*  (corrected  for  index 

*  See  Article  64,  page  328. 
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error,  if  a»y)»  subtract  the  dip  of  the  horizon>  wA  tliQ  renuundcr  inO 
be  the  apparent  central  altitude. 

Fiud  the  difference  between  the  planet's  parallax  in  altitude*  CFtUe 
VI,)  and  its  refraction  in  altitude  (Table  VIII.) ;  dow^  this  being  sub- 
tracted from  the  apparent  altitude^  thie  remainder  tnll  be  the  true  cntid 
altitude  of  the  planet. 

Not e.-'The  difference  between  the  refraction  and  parallax  constitutci 
the  forreclion  of  a  planet's  apparent  altitude  in  the  lunar  obsenrvtioni. 

Example* 

Let  the  observed  central  altitude  of  Mars  be  I7?29'40T,  tbe  iRdn 
error  dM5^  additii'e^  and  the  height  of  the  eye  above  the  surfiace  of  the 
water  26  feet ;  required  the  true  central  altitude  of  that  planet^  aUowiqg 
bis  horizontal  parallax  to  be  14  seconds  ? 

Observed  central  altitude  of  Mars  =      .     •     17?29'4DT 

bdex  ^rror  m •    •    •    -^    8. 45 

X>ip  of  the  horizon  for  26  feet  ^   •    •    •    •    -r*    4. 52 


Apparent  central  altitude  of  Mars  =     •    .     17?28'33T 

Refraction,  Table  VIII,   = 
Parallax,  Table  VI. 


VIII.  =2^59r\ 
.      ^      0.13  J 


^    2.46 


Apparent  central  altitude  of  Mars  s:       •     .     17^25147' 

Umork. — Id  taking  tbe  altitude  of  a  planet  at  ^a,  its  centre  is  to  be 
brought  down  to  the  horizon ;  in  this  case  its  ^enudiawfiter  need  HAf 
be  taken  inio  account.  But,  if  the  altitude  be  taken  on  shore,  by  means 
of  an  artificial  horizon,  it  is  the  lower  linib  of  the  object,  particularlv 
of  Venus  and  Jupiter,  whose  seniidiameters  are  considerable,  that 
should  be  brought  in  contact  with  the  apparent  upper  limb,  seen  by 
reflection  in  the  artificial  horizon  :'?>-in  this  instance,  the  semidiam^r 
of  the  planet  is  to  be  added  to  fialf  the  altitude  observed  in  the  artificial 
horizon  ;— this  shall  be  shown  presently. — See  Explanaiorjr  Article 
^3  pc^^  926,  and  67,  page  329. 


Problbm  XXVI. 

Given  the  observed  Altitude  of  a  fixed  Star,  to  find  the  true  Altitude. 

Rule. 
To  the  observed  altitude  of  the  starf  apply  the  index  error^  if  »y ; 

*  The  parallaxei  and  temidiameten  of  tbe  plaaets  are  now  given  in  the  Naatlcal 
Almanac,  between  pages  359  aad  301.  f  See  Article  63,  page  327. 
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from  which  subtract  the  dip  of  the  bdrUon,  and  the  remainder  will  be 
the  st^'^  apparent  altitude. 

From  the  apparent  altitude,  thus  founds  let  the  refraction  corre- 
sponding thereto  be  subtracted|  and  the  remainder  will  be  the  true 
altitude  of  the  star* 

Note.— The  refrdctiqn  constitutes  the  CQrrection  of  iv  star's  apparent 
altitude  in  the  lunar  observations. 

Example. 

Let  the  observed  altitude  of  Spica  Virginis  be  18?30f,  the  index  error 
3'20T  subtract! vc,  and  the  height  of  the  eye  above  the  level  of  the 
water  18  feet ;  required  the  true  altitude  of  that  star  ? 

Observed  altitude  of  Spica  Vitginis  at      18V80f  Or 
Ind^x  ^rror  =;       .  ^     •     •     •     ,     •  rr*  9f  ^ 

Pip  of  the  h^rison  for  18  fef  t  ^      ,         —  4?  4 


1!   .    Ji   . 


Apparwt  altitude  of  Spioij  Vfrgimji  ^     18?23 :36^ 
Refraation  s     #    f    t    .    f    .    t         -    3,50 


True  altitude  of  Spica  Virginis  =     .         1 8?  1 9 :  46r 

* 

iVb/e.— -The  fixed  stars  do  not  exhibit  any  apparent  semidiameter, 
nor  any  sensible  parallax ;  because  the  immense  and  Inconceivable 
distance  at  which  they  are  placed  from  the  earlii's  surface  eausea  them 
to  appear^  at  all  times,  as  so  many  mere  luminooe  indivisible  points  in 
the  heavens. 

PaOPLEM  XXVJI. 

To  dedtiCfi  the  tr^e  Altitude  of  a  Celestial  Object  from  its  double 
Altitude f  observed  by  means  of  an  A^tjficiql  flqrizon^ 

General  Rule. 
First. — ^To  find  tlia  sun's  tnii  o^ntral  altitude^ 

# 

Correct  the  observed  angle  of  altitude  for  the  index  error  of  the 
sextant^  if  any;  to  the  half  of  which  apply  the  sun's  semidiameter  by 
addition,  if  the  lower  limb  be  observed^  but  by  subiraeiion  if  it  be  the 
upper  limb  I  the  result  will  be  the  apparent  central  aUiti|de{  frpm 
which  let  the  difference  between  the  refraotion  md  P^Nul}W(  corrr- 
spondiag  tiMveto  be  subtracted  (Table  VII.  and  VIII.)^  and  the  re- 
mainder wiU  i^  tbe  cprr^f^t  dUitu^e  pf  ^  fm^f  m^i 
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iSfCoiuf.— To  find  the  Moon's  true 


Find  the  moon's  apparent  central  altitude  in  the  same  manner  as  if 
it  were  the  sun  that  was  under  consideration ;  observing  to  correct  her 
semidiameter  by  the  equation  contained  in  Table  IV. ; — then,  to  the 
apparent  altitude,  thus  found,  let  the  correction  in  Table  XVIIL  be 
added,  and  the  sum  will  be'  the  true  altitude  of  the  moon's  centre. 

Third.— To  find  the  true  Altitude  of  a  Star. 

Correct  the  obsen-ed  angle  for  the  index  error  of  the  sextant,  if  any ; 
from  the  half  ^'  which  subtract  the  refraction  corresponding  thereto 
(Table  VIIIO>  And  the  remainder  will  be  the  star's  true  altitude. 

Fourth.— To  find  a  Planet's  true  Central  Altitude. 

Correct  the  observed  angle  for  the  index  error  of  the  sextant,  if  any; 
to  the  half  of  which  let  the  planet's  semidiameter  be  added,  and  the 
sum  will  be  its  apparent  central  altitude ;  from  which  let  the  difference 
between  the  refraction  and  parallax  (Tables  YI.  and  VIII.)  be  iiA- 
traded^  and  the  remainder  will  be  the  correct  altitude  of  the  planet's 
centre. 

Example. 

July  24th,  1836,  the  measure  of  the  obser^-ed  angle  between  the 
lower  limb  of  the  planet  Venus,  and  the  apparent  upper  limb  thereof, 
reflected  from  an  artificial  horizon,  was  33?20'10'f,  the  index  error  of 
the  sextant  was  2 '30^  subtractive;  required  the  true  central  altitude 
of  the  planet ;  her  semidiameter,  on  the  given  day,  being  28^,  and  her 
horizontal  parallax  30^  ? 

Given  observed  angle  = 33?20'10T 

Index  error  of  the  sextant  = —  2. 30 


Corrrected  observed  angle  = .  33?17'40r 

Tlie  half  of  which,  or 16?38'S0r  is  the 

observed  altitude  of  the  planet's  lower  limb. 

Semidiameter  of  Venus  = +  28^ 

Planet's  apparent  central  altitude  = 16?39'  18r 

Refraction  answering  to  do.  =3'8''1  _  o  .aa 

Parallax,  in  altitude,  Tab.VI,=0. 28  J  ^*°^'^^"^®"     ~    2.40 

True  altitude  of  Venus's  centre  • 16?36:38r 
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Note. — It  18  presumed  that  the  examples  to  the  three  preceding 
problems  render  any  further  illustration  unnecessary  respecting  the 
altitudes  of  the  sun^  moon^  and  stars. 


Problem  XXVIII. 

To  find  the  ObUquiiff  of  the  Echptic. 

The  obliquity^  or  inc&naiUm  of  the  ecliptic^  signifies  the  angle  which 
is  made  by  the  intersection  of  the  planes  of  the  ecliptic  and  the  equi- 
noctial :  the  two  points  of  intersection  arQ  diametrically  opposite  to 
each  other^  or  180?  asunder,  one  being  at  ^tfirnt  point  of  Aries,  and 
the  other  at  the  first  point  0/ Libra. 

The  solstices  are  those  two  points  of  the  ecliptic  which  are  equi- 
distant^ or  90?  from  the  above-mentioned  points  of  intersection  (Defini- 
tions 10  and  11,  pages  298  and  299).  Wh6n  the  sun  enters  a  solstitial 
point  which  is  on  the  same  side  of  the  equator  with  any  given  place^ 
his  meridional  altitude  will  be  the  greatest  possible  at  that  place ;  and 
when  he  enters  the  opposite  solstitial  point,  his  meridional  altitude  will 
be  the  least  at  the  same  place.  From  these  premises  the  obliquity  of 
the  ecliptic  may  be  readily  determined  by  the  following 

RULB. 

Let  the  sun's  meridional  altitude  be  carefully  observed  on  the  21st 
of  June,  and  again  on  the  22nd  of  December,  or  on  the  days  on  which 
that  great  luminary  will  be  the  nearest  to  the  sobtices  at  noon. — Reduce 
the  observed  meridional  altitudes  to  the  true  central  altitudes  by 
Problem  XXIII.,  page  374. — Now,  half  the  difference  of  the  true 
meridional  altitudes,  thus  founds  will  be  the  obliquity  of  the  ecliptic. 

Example. 

June  21st,  1834,  in  latitude  50?47'27^  north,  the  meridional  altitude 
of  the  SUB,  duly  corrected,  was  62?40'9^  ;  and  on  the  22nd  December 
following,  it  was  15? 44 '54'/,  required  the  obliquity  of  the  ecliptic  ? 

Sun's  jT^'ea/et/ meridional  altitude  at  given  place  a     •  62  ""40^  9? 
8vLn*%  least  ditto  at  ditto  s     •    .     .16.44.64. 


Differences       46^56'A51 


Half  the  difference  a 23?27:37i^; 

which  is  the  obliquity  of  the  ecliptic,  as  required. 
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Note. — ^This  differfl  one  or  two  ieemdMfiom  the  irmtk  ^  became  tbe 
san  was  not  exactly  in  the  first  points  of  Cancer  and  Caprioom  at  the 

moments  of  observing  his  meridional  altitudes. 


Problem  XXIX. 

Given  the  Latitude  of  a  Place ^  and  the  Meridional  Altitude  of  the  Sun; 

to  find  his  Declinaiion. 

Reduce  the  observed  meridional  altitude  of  the  sun  to  the  true  cea* 
tral  altitude ;  subtract  this  from  00?,  and  the  reuuiinder  will  be  Us 
correct  meridional  zenith  distance ;  which  is  to  be  called  North,  whco 
the  object  is  South  of  the  obser\'er ;  and  South,  when  it  is  North  of 
him.  Now,  when  the  zenitli  distance  and  the  latitude  are  of  the  same 
name,  their  difference,  but  if  of  contrary  names,  their  smn,  will  be  the 
sun's  declination  ;  which  will  be  of  the  same  denomination  as  the  lati- 
tude when  the  zenith  distance  is  the  least  of  the  two  terms  ;  otherwise^ 
it  will  be  of  a  different  denomination. 

Example, 

July  Ist,  1834,  in  latitude  50? 47 '27^  north,  the  sun's  correct  meri- 
dional altitude  was  62:'21^29C';  and,  on  the  1st  October,  it  was 
•iG?C^21  V  }  required  the  sun's  declination  at  the  noons  of  those  days. 

Sun's  Mer.  altitude,  ;l  Sun's  Mer.  altitude 


Julylst  =     .     .  C2?2i:29rS.  ; 

Sun's   Mer.    zenith 

distance  =     .     .  27?38'3irN. 
Given  latitude  =  .  50. 47. 27.  N. 


Sun's  dedination  =  23?  8^56^; 
which   is   Norths   of  the   same 
name  as  the  latitude ;  because 
the  zenith  distance  is  the  least 


Oct.  1  =  ...  36?  6C21rS. 


Sun's    Mer.    zenith 

distance  s     .     .  63?53:39rN. 
Given  latitude  =     .  50. 47. 27.  N. 


Sun's  declination  =    3?  6'  12r  ; 
which  is  South,  of  a  contrary 
name   to  the   latitude,  becaiUe 
the  zenith  distance  is  thegreatest 


of  the  two  terms.  ||      of  the  two  terms. 

ATo/e.-— In  the  same  manner  may  the  declination  of  the  mooh^  a  fixed 
star,  or  a  planet,  be  determined. 


INtRODUOTORY  PROBLKMS.  968 


Problem  XXX. 

Given  the  Mean  Time  and  the  Computed  Central  Distance  between  the 
Moon  and  Sun,  a  Fixed  Star^  or  a  Planet ;  to  find  the  Mean  Time  at 
Greenwich,  and  the  Longitude  bfthe  Place  of  Observation, 

RULB.  , 

If  the  computed  central  distance  can  be  found  In  tlie  Nautical 
Almanac^  on  the  same  horieontal  line  with  the  given  day,  the  required 
mean  time  at  Greenwich  will  be  found  standing  over  it  at  the  top  of 
the  page ;  but  if  it  cannot  be  exactly  found,  which  in  general  will  be 
the  case,  take  out  the  nearest  distance  {whether  gi^eater  or  less)  which 
immediately  precedes  the  computed  central  distance,  according  to  the 
numerical  order  of  the  Jiours  at  top  of  the  page ;  and  also  the  propor^ 
tional  logarithm  standing  opposite  thereto  on  the  right-hand,  — Find 
the  difference  between  the  said  nearest  preceding  distance  and  the  com- 
puted one ;— then,  from  the  proportional  logarithm  of  this  difference, 
subtract  the  proportional  logarithm  ^taken  from  the  Ephemerls ;  the 
reniainder  will  be  the  proportional  logarithm  of  a  portion  cf  time; 
which  being  added  to  the  hour  corresponding  to  the  said  nearest  pre^ 
ceding  distance,  the  result  will  be  the  approximate  mean  time  at 
Greenwich. 

Note. — In  taking  out  the  proportional  logarithm  from  the  Ephe- 
"  meris,  take  also  the  difference  between  the  proportional  logarithm^ 
standing  opposite  to  the  two  distances  which  immediately  j^rece^/a  and 
follow  the  computed  central  distance;  noting  whether  it  be  increasing 
or  decreasing.  With  this  difference  and  the  portion  qf  thne  enter 
Table  A,  page  610,*  and  take  diit  the  corresponding  equation,  which 
being  applied  to  the  approximate  time  at  Greenwich  by  addition  or 
subtraction^  as  directed  at  the  foot  of  that  Table ;  the  sum^  or  differ- 
ence, will  be  the  correct  m&ati  time  At  Greenwich, — Now,  the  differ- 
ence between  the  correct  mean  time  at  Greenwich,  thus  found,  and  the 
mean  time  at  ship,  or  place  of  observation,  being  turned  into  degrees, 
by  Problem  I.,  page  341,  or  by  Table  1.;  the  result  will  be  the  longi- 
tude of  the  place  of  observation ;  which  will  be  east,  if  the  mean  time  at 
ship  or  place  be  greater,  but  west  if  it  be  less  than  the  mean  time  at 
Greenwich. 

Example  1. 

• 

*  At  sea,  January  8th,  1886,  in  longitude^  by  account  54?88^  east^  at 
23^8?22!  mean  time,  let  the  true  central  distance  betwcfen  the  moon 
and  sun  be  119?  13 ^14^;  required  the  corresponding  meaa  time  at 
Greenwich,  and  the  longitude  of  the  place  of  obier¥Rtion  ? 
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Central  distance  at  sbip    =  119M3a4r 

NehT.preced.  dht.,  3t  18'.  =  119.58.  7  P.L.3Q21  Diff.l2d^erauiiy.* 

Differences 0?44i63rP.L.  6082 


Portion  of  time  =     .     .     .       1  ?29T59f  P.  L.  3011 
Timeatnear./^^cerf.  di8t.=    18.   0.   0 

Approx,  time  at  Greenwich  e  19^29759! 

Equation  in  Table  A  s=  .     .  +4    ans.  to  1^30?  and  diff.  IS. 

Correct  mean  time  at  Greenw.  19?30T  3 ! 
Mean  time  at  ship     ...    ^.  8.22 


Longitude,  in  time  =     .     .      3i38rl9!  :=  54f34:45r  east. 

Example  2. 

At  sea,  September  21st,  1836,  in  longitude  by  account  49?30f  west, 
at  10!  12716!  mean  time,  let  the  true  central  distance  between  the 
moon  and  a  Pegasi  be  38?43'4C';  required  the  corresponding  mean 
time  at  Greenwich,  and  the  longitude  of  the  place  of  observation  ? 

Central  distance  at  ship  =     .  38?43^  At 

Near,  preced.  dist.  at  12  hours=39. 24. 25  P.  L.3378diff.97fiicrea«fv.* 

Difference  = 0?4i:2irP.L.6388 


Portion  of  time  =        ...       1  *30T  0 !  P.  L.  3010 
T\m%  ^t  near,  preced.  dist.  =    12.   0.   0 


Approx.  time  at  Greenwich  =  13*30T  0! 

Equation  in  Table  A  =     .     .  -  30      ans.  to  1  ^30?  and  diff.  97. 


Correct  mean  time  at  Greenw.=  13*29T30! 
Mean  time  at  ship  =     ...     10. 12. 16 


Longitude,  in  time  =  .    .     .      3M7T14!  =  49f  18:30r  west. 

Note. — ^The  last  example  shows  the  necessity  of  correcting  the 
approximate  Greenwich  time  deduced  from  the  computed  central  dis* 
tance  :— the  overlooking  of  that  correction  would,  in  the  present  in« 
stance,  produce  an  error  of  7i  miles  in  the  longitude;  and  cases 
occur  in  which  the  error,  arising  from  the  same  cause,  might  affiect  the 


*  See  ezplsDatkNi  of  tkble  A,  page  33(». 
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longitude  to  the  value  of  14  or  15  miles. — See  Explanatory  Article  80, 
between  pages  336  and  33/. 

The  reader  will  do  well  to  peruse,  with  great  attention,  the  various 
subjects  which  are  contained  between  pages  296  and  375  :  for  in  them 
he  will  find  the  master-key  which  unlocks  and  places  in  a  familiar 
point  of  view  all  the  articles  in  the  new  Nautical  Almanac  that  are  of 
any  importance  to  the  naval  world;  excepting  that  which  relates  to  the 
'^  Occultations  "  between  pages  452  and  465  of  the  Ephemeris  for 
1836  : — This,  however,  shall  be  discussed  in  the  most  ample  manner  in 
a  subsequent  part  of  the  work ;  in  which  all  the  hidden  mysteries  attend- 
ing the  grand  method  of  deducing  the  longitude  from  the  occultations  of 
the  fixed  stars  by  the  moon  shall  be  unveiled,  rendered  clearly  percep- 
tible, and  so  perfectly  simplified  as  to  be  reduced  to  the  comprehension 
of  the  meanest  capacity. 

Note. — ^As  all  the  rules  to  the  Introductory  Problems  are  universal^ 
and  not  subject  to  any  restrictions  or  peculiarities,  there  will  be  no 
necessity  whatever  for  "repeating  the  operation,"  or  *' going  over  the 
work  again:"  provided,  always^  that  the  operation  be  performed  cor- 
rectly in  the  first  instance. 


We  will  now  proceed  to  the  solution  of 

PROBLEMS  RELATIVE  TO  THE  LATITUDE. 

The  Latitude  of  any  place  on  the  earth  is  expressed  by  the  distance 
of  such  place  from  the  equator,  either  north  or  south,  and  is  measured 
by  an  arc  of  the  meridian  intercepted  between  the  said  place  and  the 
equator. —  Or, 

The  Latitude  of  any  place  on  the  earth  is  equal  to  the  elevation  of 
the  pole  of  the  equator  above  the  horizon  of  such  place ;  or  (which 
amounts  to  the  same),  it  is  equal  to  the  distance  of  the  zenith  of  the 
place  from  the  equinoctial  in  the  heavens.  The  complement  of  the 
latitude  is  the  distance  of  the  zenith  of  any  place  from  the  pole  of  the 
equator,  and  is  expressed  by  what  the  latitude  wants  of  90  degrees. 
The  latitude  is  namcfd  north  or  south,  according  as  the  place  is  situate 
with  respect  to  the  equator. 

C  c 
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Problem  I. 

Given  the  Swi'^  Meridian  Altitude,  to  find  the  Latitude  qf  the  Place  of 

Observation. 

Rule. 

Find  the  true  altitude  of  the  sun's  centre,  by  Problem  XXIII.^  pagp 
374,  and  call  it  north  or  south,  according  as  that  object  may  be  Bituatc 
with  respect  to  the  observer  at  the  time  of  observation  ;  which  mb- 
tracted  from  90?,  will  give  the  sun's  meridional  zenith  distance  of  i 
contrary  denomination  to  that  of  its  altitude. 

Reduce  the  sun's  declination  to  the  meridian  of  the  place  of  6batt» 
vation,  by  the  rule  in  page  359,  or  by  Table  XV.  Then,  if  the  men- 
dional  zenith  distance  and  the  declination  are  both  north  or  both  southi 
their  sum  will  be  the  latitude  of  the  place  of  observation ;  but  if  one 
be  north  and  the  other  south,  their  difference  will  be  the  latitude^  and 
always  of  the  same  name  with  the  greater  term.* 

Example  1. 

April  10th,  1836,  in  longitude  75?  W.,  the  meridian  altitude  of  the 
sun's  lower  limb  was  57M0'30''  S.,  and  the  height  of  the  eye  above 
the  level  of  the  sea  22  feet ;  required  the  latitude  ? 

Observed  altitude  of  the  sun's  lower  limb  =  57?40^30rS, 

Sun's  semidiameter  =     .     15'58''l      ^     ^ 

Dip  of  the  horiz.  for  22  feet  =  4. 30  J^"^-=  +   ^^-^o 


Apparent  altitude  of  the  sun's  centre  =  .     67'?51'68fS. 
Refraction     = 


=     0^35-1^. 
=:     0.   6  J^' 


Parallax  -     ^    .Difference     =  .    -    0.30 


True  altitude  of  the  son's  centre  =       .     •    67^51  C28^S. 


Sun's  meridional  zenith  distance  =  .     .     .32?  8^32rN.a2?8:32rN. 

Sun's  declination  at  noon,  April  10th  =  8?  3^56':N. 

Correction  for  longitude  75°  W.  =  .     .     .         +4. 36 

Sun's  reduced  declination  = 8?  8'32rN,8?  8'32rN. 


Latitude,  as  required  s •     .     .     .  40?17'  4TN. 

*  The  principles  upon  which  thia  rule  is  founded  may  he  teen  hy  referring  to  "  Tht 
Young  Navigator's  Guide  to  the  Sidereal  and  Planetary  Parts  of  Nautical  Attronomj*" 
between  pages  98  and  105 ;  reading  the  word  tun,  instead  of  star. 
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Note.  T^*  UieridioiiHl  zenith  distance  and  the  declination  are  added 
together,  beeau8«  th^v  are  both  of  the  same  name :  hence^  the  latitude 
is  40?1'^'4   N 

Example  2. 

October  24th,  1836,  in  longitude  90?  east,  the  meridian  altitude  of 
the  sun's  lower  limb  was  27^31  i20'!  S.,  and  the  height  of  the  eye  above 
the  surface  of  the  sea  23  feet  j  required  the  latitude  r 

Observed  alt.  of  the  sun's  lower*  limbs  27?3i:20?  S. 

Sun's  semidiameter  = 
Dipofthehor.  for  23 


ft:=T3^"}Diff.=  +  11.31 


Apparent  altitude  of  the  sun's  centre  =     27  ?42 :  51  r  S. 

Refraction  =  lf48rl 

ParaUax=     0.   8  J^^^^'^^?^  =      .    -     1.40 


True  altitude  of  the  sun's  centre  =      .    27°41 '  1 K  S. 


Sun's  meridional  zepith  distance  =       .    62?18:48rN.-6??J8'48rN, 
Sun's  decl.  at  noon,  Oct.  23rd  =   1 1  f  31 :48rS. 
Correction  for  long.  90?  east  =    +     5.14 


Sun's  reduced  declination  =  .     11?37'  2rS.  .     .     ,     .  II. 9f,   2  §. 


Latitude,  as  required  = 50Ml'46rN. 

Note. — ^The  difference  between  the  meridional  zenith  distance  and 
the  declination  is  taken,  because  they  are  of  contrary  n^^oues  :--»l)#iief ^ 
the  latitude  is  50?41 :46r  north. 


PrOBI/EM  II. 

Given  the  Moon's  Meridional  Altitude,  to  find  the  LfitUudeqfthi  Pfa^ 

of  Observation. 

Rule. 

Reduqe  the  moon's  passage  over  the  meridian  of  Oreenwich^  on  the 
given  day,  to  the  meridian  of  the  place,  of  observation,  by  appljring 
thereto  the  correction  in  Table  XXXVIII.,  by  addition  or  subtraction, 
according  as  the  longitude  is  west  or  east ;  as  explained  in  Examples 
1  and  2,  pages  101  and  102. 

'  c  c  2 


I* 
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To  the  time  of  the  moon's  passage  orer  tkc  merkliaD  of  the  phce 
of  observation,  thus  found,  let  the  longitude  of  thai  mciidu 
be  a<lded  if  it  be  west,  or  subtracted  if  east ;  and  the  mm,  or 
will  be  the  corresponding  time  at  Greenwich :  to  which  let  the  mooa'i 
declination  be  reduced  by  Problem  XVI.,  P^^  364  ;  and  her  horianld 
parallax,  and  semidiameter,  by  Problem  XV.,  page  961  (or  by  mesai 
of  Table  XVI.,  as  explained  in  page  27)*  and  let  the  moon's  redaccd 
semidiameter  be  corrected  by  the  augmentation  cootaincd  in  Tafck  IT. 

Find  the  true  altitude  of  the  moon\centre,  by  Problem  XXrV.,page 
37O9  and  call  it  north  or  south,  according  as  it  may  be  sitmite  wilk 
respect  to  the  observer  at  the  time  of  obsenration  ;  which,  sobtradel 
from  00?,  will  give  the  moon's  meridional  zenith  distance  of  a  cootniy 
denomination  to  that  of  its  altitude. 

Then,  if  the  meridional  zenith  distance  and  the  declination  are  of  die 
same  name,  their  sum  will  be  the  latitude  of  the  place  of  obaenratioo ; 
but  if  they  are  of  contrary  names,  their  difference  will  be  the  latitude, 
of  the  same  name  with  the  greater  term. 

Example  1. 

January  27th,  1B36,  in  longitude  55?  west,  the  meridian  altitude  of 
the  moon's  lower  limb  was  58?40^20^  S.,  and  the  height  of  the  eye 
above  the  level  of  the  sea  26  feet ;  required  the  latitude  ? 

Time  of  j)  's  passage  over  the  meridian  of  Greenwich  =     .     7-30T  0! 
Cor., Table XXXVIIL,  for  long.  55?  W.,  and  retard.  47*^  .     +  6.5? 


Time  of  d  's  pasHago  over  the  given  meridian  = 
Longitude  of  the  given  place  55?  west,  in  time  = 


•  7*36?57! 
+3.40.  0 


Greenwich  mean  time  =: 11*16^57' 


2>  's  seniidiumeter  at  noon, 

Jan.  27th  =.     .     .     .     14M6r 
Cor.  of  ditto  for  1 1 !  16r57 !   -   1 


]>  's  reduced  semidiameter  14  '45T 
Augmentation,  Table  IV.    +12 


D  *s  true  semidiameter  =  .  14 '57^ 


D  's  hor.  parallax  at  noon, 

Jan.  27th  =.     .     •     .     54aOr 
Cor.  of  ditto  for  1 1  *  16T57 '   —  3 


D  's  reduced  hor.  parallax  54  C  7^ 


D  's  declination  at  1 1  hours,  Jan.  27th  21  ?  12' J5rN. 
Correction  for  16T57f  =....+     2.20. 


D  's  reduced  declination  s  .     .     .     .  21?14:35rX. 


OF   FINDING   THE   LATITUDE   BY  A   MERIDIAN    ALTITI^DB.       389 

Observed  altitude  of  D  's  lower  Umb.=     .     .     •     •  58?40:20r  South. 

D 's  true  8emidiaraeter=  14'57^1  j^.^  _  in    li 

Dip  of  horizon  for  26  feet=4. 52  J  —  •     • 

Apparent  altitude  of  the  moon's  centre^  •     .     .     .  58?50'25^'  South. 
Correction  of  ditto.  Table  XVIII.  = +27-26 

Truealtitudeof  the  moon's  centre  = 59?17*5i^  South. 

Moon's  meridional  zenith  distances     .     .     •     .     •  30M2^  9^  North. 
Moon's  reduced  declination  =: 21.14.35   North. 

Latitude  of  the  place  of  observation  =      ....  51  ?56'44f  North. 

Example  2. 

February  3rd,  1836,  in  longitude  65?  east,  the  meridional  altitude 
of  the  moon's  upper  limb  was  62?45f  10'/  north,  and  the  height  of  the 
eye  above  the  level  of  the  sea  29  feet ;  required  the  latitude  ? 

Time  of  d  's  passage  over  the  meridian  of  Qreenwich=     .  13*19T54? 
Cor.,  Table  XXXVIIL,  for  long.  65?  east,  and  retard.  47"  -     8. 13 


* 

Time  of  D  's  passage  over  the  given  meridian   =      .     .     .  13?  1 1T41 ! 
Longitude  of  the  place  of  observation  65?  east,  in  time  =  —4.20.00 


• 

Greenwich  mean  time  = 8*51741! 


2>  's  semidiameter  at  noon, 

Feb.  3rd  =  ....  15^5^ 
Correction  for  8 1 5 1 T4 1 !  =  +     3 
Augmentation,  Table  IV.  +   14 


])  's  true  semidiameter=  15' 32* 


})  's  hor.  parallax  at  noon, 

Feb.  3rd  =  .     .     .     .  55:58r 
Correction  for  8*  51  T41!  =  +  11 


D's  reduced  hor. parallax  56'  9^ 


D  's  declination  at  8  hours,  Feb.  3rd  =  17?2i>'  19".  N. 
Correction  for  51  ?41!  =  .    .     .     .    ^     —     9.41 


]) 's  reduced  declination  s=     •    .    .    .  17- 15^^38?  N. 
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Observed  altitude  of  the  moon's  upper  limb  =  .     •  62 ?45  HOT  North. 

]) 's  true  semidiameter   .     .  15 '32^1 

Jfeet  5,10  J 


Dip  of  the  horizon  for  29  feet  ^  ia    rSum=     ..  -  20.42 


Apparent  altitude  of  the  moon's  centre  =      .     .     .  62?24^28f  North. 
Correction  of  ditto.  Table  XVIII.  = +   25.31 


True  altitude  of  the  moon's  centre  a 62?49'59?  Norths 


Moon's  meridional  zenith  distance  =5 27?  10-    1^  South. 

Moon's  reduced  declination  =s 17*  15*38   North. 


Latitude  of  the  place  of  observation  s      •     •     .     .    9?54C23T  South. 

Note. — Since  the  moon's  declination  is  n6w  given  in  the  Nimtical 
Almanac  for  every  hour ;  and  since  this  important  element  maybe 
readily  corrected  for  the  excess  of  the  minutes  and  seconds  beyond  the 
hour  in  the  Qreenwich  time,  by  means  of  Problem  XVI.^  P<4S^  ^^y 
therefore,  the  above  method  of  finding  the  latitude  is  not  much  iaore 
troublesome  than  that  for  the  sun,  while  it  is  equally  a§  torted  .*^ 
And  thus  it  is  manifest  that  the  latitude  of  a  ship  may  be  deduced 
from  the  meridional  altitude  of  the  moon,  '^  with  nearly  as  little  labour 
as  is  required  in  the  case  of  the  sun ;"  as  most  justly  remarked  in 
page  505  of  the  Ephemeris  for  1836. 


Problem  III. 

Given  the  Meridional  Altitude  of  a  Planet ;  to  find  the  Latitude  of  the 

place  of  Observation. 

Reduce  the  mean  time  of  observation  to  the  meridian  of  Greenwich 
by  Problem  III.,  page  342 :—  To  the  Greenwich  time,  thus  found,  let 
the  planet's  declination  be  reduced  by  Problem  XVIL,  page  366. 
Find  the  true  altitude  of  the  planet's  centre,  by  Problem  XXV.,  page 
377  i  and  hence  its  meridional  zenith  distance,  noting  whether  it  be 
north  or  south :  then,  if  the  meridional  zenith  distance  and  the 
declination  are  of  the  same  name,  their  sum  will  be  the  latitude  of  the 
place  of  observation;  but  if  they  are  of  contrary  names,  their  difference 
will  be  the  latitude,  of  the  same  name  with  the  greater  term, 
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Example, 

Dcceuibcr  30th,  1836,  in  longitude  80?  west-,  at  15*20r5!  mean 
time,  the  meridional  altitude  of  the  planet  Mars  was  43?46'20''  north, 
and  the  height  of  the  eye  above  the  level  of  the  sea  24  feet ;  required 
the  latitude  ? 


Mean  time  of  pbser.  =   15t20?5! 
Longitude  80?  west,  in 

time^     ....    +5.20.0 


Greenwich  time  =  .     .  20*40t5* 


Mars'  declination  at 

noon,  Dec.  30th.  15?53:43rN. 
Cor.  for  20M0T5 !  =  +     2. 38 


Mars'  red.  decl.  =   15?66:2irN.  * 


Observed  central  altitude  of  the  planet  Mars=  .     .  43?46:20':  North. 
Dip  of  the  horizon  for  24  feet=  ••.....  —    4. 42 


Apparent  centnd  altitude  of  Mars  =     .     *     .     .     .  43?41'38T  North, 

Refraction, Table  VIII.    =  I'Orl  _.„  .,_rt^ 

T»     11       r«  1.1^  tfT  i\  Q    >Difference  =     .  —     0'52^ 

Parallax,  Table  VI.   ^    .    0. 8  J 

True  central  altitude  of  the  planet  =..,..  43?40:46r  North. 


Meridional  zenith  distance  of  ditto  =  . 
Reduced  declination  of  ditto  =s   .     .     . 


•     •     • 


46?  19'.  14r  South. 
15.56.21    North. 


Latitude  of  the  place  of  observation  =     •     .     .     .  30?22'53^  South. 

Note. — The  difference  between  the  meridional  zenith  distance  and 
the  declination  is  taken  because  they  are  of  contrary  names  :  had  they 
been  of  the  same  name,  their  sum  would  be  the  latitude  of  the  place 
of  observation. 


Problem  IV. 

Given  the  Meridional  Altitude  of  a  fixed  Star^  to  find  the  Latitude  of  the 

Place  of  Observation. 

Rule. 

Find  the  true  altitude  of  the  star,  by  Problem  XXVL,  page  378, 
and  hence  its  meridional  zenith  distance,  noting  whether  it  be  north 
or  south.  Take  the  declination  of  the  star  from  Table  XLIV.,  and 
reduce  it  to  the  time  of  observation,  or,  more  correctly,  from  the 
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Nautical  Almanac.  Now^  if  the  star's  meridional  zenith  distance  and 
its  declination  be  of  the  same  name,  their  sum  will  be  the  latitude  of 
the  place  of  observation ;  but  if  they  are  of  contrary  names,  thdr 
difference. will  be  the  latitude,  of  the  same  name  with  the  greater  temu 

Example  1. 

January  1st,  1836,  in  longitude  85  ?3:  W.,  at  12M9M!  mean  time, 
the  meridian  altitude  of  Procyon  was  44?49'  S.,  and  the  height  of  the 
eve  above  the  level  of  the  hori/QU  16 feet;  rpnnirpfl  tVip  tmf*  1sifitii«1p > 


Observed  altitude  of  Procyon  = 
Dip  of  the  horizon  for  16  feet  = 

Procyon's  apparent  altitude  =  • 
Refraction  = 


required  the  true  latitude  ? 
.     .  44?49^  or  S, 
.     .  —    3.50 


.  44M5aor  S. 

.  —    0.57 


Procyon's  true  altitude  = 44?44:i3r  S. 


Procyon's  meridional  zenith  distance  =  •  45?15'47rN, 
Procyon's  declination  per  N.  A.  =      ...    5. 38. 28   N. 


Latitude  oif  the  place  of  observation  =    .  50?54'I5rN. 

Note. — The  principles  of  finding  the  latitude  by  the  meridional 
altitude  of  a  celestial  object  may  be  seen  by  referring  to  *'  The  Young 
Navigator's  Guide  to  the  Sidereal  and  Planetary  Parts  of  Nautical 
Astronomy,"  between  pages  98  and  105, 


Problem  V. 

Given  the  Meridional  Altitude  of  a  Celestial  Object  observed  belota  the 
Pole,  to  find  the  Latitude  of  the  Place  of  Observation. 

Rule. 

Find  the  true  altitude  of  the  object,  as  before ;  to  which  let  its  polar 
distance,  or  the  complement  of  its  corrected  declination,  be  added, 
and  the  sum  will  be  the  latitude  of  the  place  of  observation^  of  the 
same  name  with  the  declination.  ^ 

Example  1. 

June  20th,  1836,  in  longitude  65?  W.,  the  meridian  altitude  of  the' 
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sun's  lower  limb,  observed  below  the  pole,  was  9?  12^,  and  the  height 
of  the  eye  20  feet ;  required  the  latitude  ? 

Observed  altitude  of  the  sun's  lower  limb  =    •     .    9?  12'  0^ 
Sun's  semidiameter  = 


•  •  i0.4d.      lyx.i^ 

ifcet=  4.17  j^^-' 


Dip  of  the  horizon  for  20'--*-  "  '"^    '"""—    +11-28 

Apparent  altitude  of  the  sun's  centre  =      .     .     .    9?23'28" 

Refraction  =     5'34r1  __ 

Parallax  =   .    0.  9  jD>ff"«««  =     .    .     .     .    -  5.26 

True  meridian  altitude  beloTV  the  pole  =     .     .     •    9?18'  3^ 
Sun's  corrected  polar  distance,  or  co-declination  =  66, 32, 20  N. 

Latitude  of  the  place  of  observation  —      .     ,     .  75?50'23^N, 


Example  2. 

June  1st,  1836,  in  longitude  90?  E.,  at  12*2lr36f  mean  time,  the 
observed  altitude  of  Capella,  when  dn  the  meridian  below  the  pole,  was 
1 1  ?48',  and  the  height  of  the  eye  above  the  level  of  the  sea  25  feet; 
required  the  latitude  ? 

Observed  altitude  of  Capella  =      •     .     .     .     .  11?48'  Or 
Dip  of  the  horizon  for  25  feet  = —    4. 47 

Capella's  apparent  altitude  = ll?43'13r 

Refraction  = •     .  —    4. 29 

Capella's  true  meridian  altitude  below  the  poles  1 1  ?38  M4r 
Capella's  polar  distance,  per  Naut.  Almanac  =  44. 10, 28   N. 

Latitude  of  the  place  of  observation  =     .     .     .  55?49l  12r 

« 

Remarks. — I.  When  the  polar  distance  or  co-declination  of  a  celes- 
tial object  is  less  than  the  latitude  of  the  place  of  observation  (both 
being  of  the  same  name),  such  celestial  object  will  not  set,  or  go  below 
the  horizon  of  that  place :  in  this  case,  the  celestial  object  is  said  to 
be  circumpolar,  because  it  revolves  round  the  pole  of  the  equator,  or 
equinoctifJ,  without  disappearing  in  the  horizon. 

2.  If  12  hours,  diminished  by  half  the  daily  increase  of  the  mean 
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BUn's  right  ascension  (viz.,  1t58?28),  be  added  to  the  mean  time  of 
the  superior  transit  of  a  fixed  star,  it  mil  give  the  mean  time  of  its 
inferior  transit  over  the  opposite  meridian  j  that  is,  the  mean  time  of 
its  coming  to  the  meridian  below  the  pole. 

3.  The  least  altitude  of  a  circumpolar  celestial  object  Indicates  its 
being  on  the  meridian  below  the  pole. 


Problem  VI. 

Given  (he  Altitude  of  the  North  Polar  Star,  taken  at  any  Hour  of  the 
Nighty  to  find  the  Latitude  of  the  Place  of  Observation. 

Although  the  proposed  method  of  finding  the  latitude  at  sea  is  only 
applicable  to  places  situate  to  the  northward  of  the  equator,  yet,  sigce 
it  can  be  resorted  to  at  any  time  of  a  fine  clear  night,  it  deserves  the 
particular  attention  of  the  mariner. 

Of  all  the  heavenly  bodies,  the  polar  star  seems  best  calculated  for 
finding  the  latitude  in  the  northern  hemisphere  by  nocturnal  observa- 
tion ;  because  a  single  altitude,  taken  at  any  hour  of  the  night  by  a 
careful  observer,  will  give  the  latitude  to  a  sufficient  degree  of  accuracy} 
provided  the  mean  time  of  observation  be  but  known  within  a  yew 
minutes  of  the  truth :  however,  an  error  in  the  mean  time,  even  as 
considerable  as  20  minutes,  will  not  affect  the  latitude  to  the  value  of 
half  a  minute,  when  the  polar  star  is  on  the  meridian,  either  above  or 
below  the  pole  j  nor  will  it  ever  affect  the  latitude  more  than  about 
8  or  9  minute^  even  at  the  star's  greatest  distance  from  the  meridian. 
But,  as  it  is  highly  improbable,  in  the  present  improved  state  of  watches, 
that  the  mean  time  at  a  ship  can  ever  be  so  far  out  as  five  minutes, 
the  latitude  resulting  from  this  method  will,  in  general^  be  as  near  to 
the  truth  as  the  common  purposes  of  navigation  require. 

Rule. 

To  the  mean  sun's  right  ascension,  as  given  in  the  Nautical  Almanac, 
or  in  Table  XII.  (reduced  to  the  meridian  of  the  place  of  observation, 
by  Problem  V.,  page  344),  add  the  mean  time  of  observation  j  and 
the  sum  (rejecting  24  hours,  if  necessary),  will  be  the  right  ascension 
of  the  meridian,  or  mid-heaven  *,*  with  which  enter  Table  X.,  and  take 
out  the  corresponding  correction.  Find  the  true  altitude  of  the  stari 
by  Problem  XXVI.,  page  3/8;  to  which  let  the  correction,  so  founds 

*  Se«  Article  32,  page  309. 


OP  FINDING  THE   LATITUDS   BY  THB   NORTH   POLAR   STAR.     dSSf 

be  applied  by  addition  or  subtraction^  according  to  the  directions  con- 
tained in  tlie  Table^  and  the  sum  or  difference  will  be  the  approximate 
latitude. 

Enter  Table  XI.,  with  the  approximate  latitude,  thus  founds  at  top 
of  the  page,  and  the  right  ascension  of  the  meridian  in  one  of  the  side 
columns ;  in  the  angle  of  meeting  will  be  found  a  correction,  which, 
being  applied  by  addition  to  the  approximate  latitude,  will  give  the 
true  latitude  of  the  place  of  observation. 

Remark, ^-Since  the  corrections  of  the  polar  star's  altitude,  in  Table 
X.,  have  been  computed  for  the  beginning  of  the  year  1836,  a  reduc- 
tion therefore  becomes  necessary,  in  ordef  to  adapt  them  to  subsequent 
years  and  parts  of  a  year.  The  method  of  finding  this  reduction  is 
illustrated  in  the  example,  pages  17  and  18* 

Example  1. 

January  2nd,  1830,  in  longitude  60?  West,  the  mean  of  sever&l 
observed  altitudes  of  the  north  polar  fitiif  was  52?  16!  5?,  and  that  of 
the  corresponding  times,  per  watch,  8t6723!  mean  time;  the  height 
of  the  eye  above  the  level  of  the  horizon  was  16  feet ;  required  the 
latitude  ? 


Mean  time  of  observ.  =     8  *.  6T23 ! 
Long. 60?W.,intime= +4.0.   0 


Mean  sun's  R.  A.  at 

noon=     ....  18M4T40f 

Cor.forl2?6?25f  =     +     1.59 
Greenwich  time  =  .     .  12t6T23! 

Mean  sun's  red.R. A. =18*46739! 
Mean  time  of  observation,  per  watch  == 8.  6. 23 


Right  ascension  of  the  meridian,  or  mid-heaven  =  •     •     •     2t53T  2! 

Observed  altitude  of  the  polar  stdr  ss     .     .     «     .  52?15'  6r 
Dip  of  the  horizon  for  16  feet  =*        •.«•.—     3. 50 

Apparent  altitude  of  the  polar  star  =     .    .     .    •  52?11 !  15? 
Refraction  of  altitude  =       .»«..♦.••—    0. 44 


-^-^ 


True  altitude  of  the  polar  star  = 52  ?  10! 31  r 

Correction  ftom  Table  X.^  answering  to  2*  53r2  f  =±  - 1 .  22. 58 


Approximate  latitude  = 50? 47! 33?  Norths 

Correction  of  ditto,  Table  XL  = +     0. 23 


Latitude  of  the  place  of  observation  ^      »    •    .  60?  4/!  66?  Ndrth. 
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Note. — ^Thc  latitude  thus  found  does  not  differ  more  than  ome  9eemd 
from  the  true  result  by  spherical  trigonometry. 

Example  2. 

January  1st,  1842,  in  longitude  7&t  west,  the  mean  of  several  6b- 
servcd  altitudes  of  the  north  polar  star,  reduced  to  the  true  altiiude^ 
19?7-2^,  and  that  of  the  corresponding  times,  per  cratch,  8? 
mean  time  ;  required  the  latitude  of  the  place  of  observation  ? 


Mean  timcof  observ.  =  8*58t33/ 
Long./S^W.,  intinie=  5.   0.   0. 

Greenwich  time  =     •  13t58T33! 


Mean  sun's  R.A.,  atnoon=  18^47^ 
Cor.  for  13*58T33!  =      .  +    2 


Mean  sun*s  red.  R.  A.  s=  18^49? 


Mean  time  of  observation,  per  watch,  8!58T33f,  or  .     •     •     .    8.59 


Right  ascension  of  the  meridian,  or  mid-heaven  r=     .     .     .     .     Z'tiR* 
Cor.fromTableX.,answeringto3M5TofR.A.  =  ItlO'.bA:  Smbiroetm. 

Prop.part  to  3  minutes  of  R.A.=  — 0148^1 
Annualvar.-10r38x6year8=-l.   2  jS^  =  -  ^-^ 

Reduced  tabular  correction  =      .     ...     •     •  —  1?  9!  4TSubtractire. 
True  altitude  of  the  polar  star  =      ....     19.   7.   2 


Approximate  latitude  = 17^57'58T  North. 

Correction  of  ditto.  Table  XI,  =       ....     +0.14 


True  latitude  of  the  place  of  obser^-ation  =     .     17^58'  12T  North, 

Example  3, 

January  Ist,  1864,  in  a  certain  place,  when  the  right  ascension  of  the 
meridian  will  be  17*  13t0?,  reckoned  in  mean  time^  the  true  altitude  of 
the  polar  star  will  be  50?6'  11^  ;  required  the  latitude  of  that  place  ? 


Cor.  from  Table  X.,  answering  to  17*  lOr  R.  A.=  0?43:45:  AddUk>e. 

Propor. 
Ann. 


ropor.  partto  3min,  of  R.  A.  =  —1'   5''1«       __       o  or 
nn.  var.      -  3r29x28  years=    -1.32  p^^-  -J.dJ 


Reduced  correction  of  altitude  = +0?41 '  8*^  jidditke. 

Polar  star's  true  altitude  = 60.   6. 1 1 


Approximate  latitude  = 50?47'19T  North.' 

Correction  of  ditto.  Table  XI.  = +1.14 


Latitude  of  the  place  of  observation   =     .    .    .  60?48!33r  North. 
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Note. — ^The  true  Intitude,  computed  by  spherical  trigonometry,  is 
50?48'14*  ;.  the  difference  between  which  and  that  deduced  as  above 
being  only  19  seconds  in  a  period  of  38  years : — hence,  it  is  evident 
that  the  latitude  may  be  always  determined  by  means  of  Tables  X.  and 
XL,  to  every  desirable  degree  of  exactness  for  the  ordinary  purposes  of 
navigation. 

The  elementary  principles  of  the  above  method  of  finding  the  lati- 
tude are  given  in  "  the  Young  Navigator's  Guide  to  the  Sidereal  and 
Planetary  Parts  of  Nautical  Astronomy,"  between  pages  144  and  156, 
where  a  diagram  may  be  seen  illustrative  of  the  star's  appar^t  motion 
round  its  orbit. 

Remark, — ^The  polar  star  has  long  been  cqnsidered  such  a  favourable 
object  for  determining  the  latitude  of  a  ship  in  the  northern  hemi- 
sphere, that  mostly  all  the  professors  of  matheinatica  who  have  touched 
upon  nautical  astronomy  during  the  last  century,  have  given  "  Tables 
for  determining  the  Latitude  by  Observations  of  the  Polar  Star  out  of 
the  meridian." — But,  as  "  the  learned  professors  "  have  been,  in  gene- 
ral, mere  theoretical  writers^  they  seem,  therefore,  to  have  been  uncon- 
scious of  how  extremely  difficult  it  is  to  observe  the  altitude  of  tlie  polar 
star  by  means  of  a  common  Hadlcy's  quadrant : — for,  since  Polaris 
only  rapks  between  the  second  and  third  magnitudes,  its  altitude  cannot 
always  be  taken  to  the  necessary  degree  of  exactness  on  board  of  a 
ship  at  sea ;  particularly  in  high  latitudes.  The  splendour  of  the  polar 
star,  like  that  of  all  other  celestial  objects,  is  materially  lessened  by 
reflection  in  the  moveable  and  fixed  reflectors  of  the  instrument :— its 
brilliancy  first  suffers  a  diminution  in  the  index-glass,  and  a  still  fur- 
ther diminution  when  it  is  reflected  from  that  into  the  horizon-glass : — 
hence,  as  the  star  is  scarcely  of  the  second  magnitudey  its  image  grows 
less  and  less  as  it  is  brought  down,  by  the  motion  of  the  index,  from  the 
heavens  to  the  grosser  parts  of  tlie  atmosphere ;  and  thus  before  the 
reflected  image  reaches  the  horizon,  it  becomes  so  faint  and  indistinct 
as  to  be  often  imperceptible  to  the  sight  of  an  observer  in  places  to 
the  northward  of  the  parallel  of  London,  From  this  if  is  manifest  that 
although  the  method  in  question  is  strictly  correct  in  theory  ;  yet,  it  is 
not  always  pnacticable  in  high  norlheim  latitudes : — for,  as  before  no- 
ticed, the  altitude  of  the  star  cannot  be  taken  to  the  necessary  degree 
of  exactness,  unless  the  observer  is  furnished  with  a  quadrant  far  better 
adapted  to  the  purpose,  in  reflectors  and  distinct  object-glasses,  than  is 
to  be  found  amongst  the  common  instruments  used  at  sea.  How- 
ever, in  low  latitudes^  or  betwixt  the  equator  and  the  mean  parallel, 
the  above  method  will  always  answer  the  navigator's  expectations; 
because  in  those  latitudes  the  altitude  of  the  sUtr  can   be  readily 
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taken  at  any  time  of  a  clear  night,  even  by  a  common  qnadnat, 
provided  the  observer  abides  by  the  directions  given  in  Article  S, 
page  32/. 


Problem  VII. 

Given  the  Latitude  by  Account j  the  Sun's  Declination,  and  two  ob§efWii 
Altitudes  qf  its  lower  or  upper  Limb,  the  elapsed  Time,  and  the  Caum 
and  Distance  t'un  between  the  Observations  ;  to  find  the  Latitude  qftk 

Ship  at  the  7  me  of  Observing  the  greatest  Altitude. 

Rule. 

To  reduce  the  least  Altitude  to  what  it  would  be,  if  taken  at  the  nact 

where  the' greatest  Altitude  was  observed : — 

Find  the  angle  contained  between  the  ship's  course  (corrected  for 
leeway,  if  any),  and  the  sun's  bearing  at  the  time  of  taking  the  leui 
altitude ;  with  which,  if  less  than  8,  or  with  what  it  wants  of  16  points 
if  it  be  more  than  8,  enter  the  general  Traverse  Table,  and  find  tht 
difference  of  latitude  corresponding  thereto  and  the  distance  made  goo4 
between  the  observations,  which  call  the  reduction  of  altitude. 

Now,  if  the  least  altitude  be  observed  in  the  forenoon,  the  reduction 
of  altitude  is  to  be  applied  thereto  by  adeUtion  when  the  above  aagk  b 
less  than  8  points,  but  by  subtraction  when  it  is  more  than  8  points ; 
the  sum,  or  difference,  will  show  what  the  less  altitude  would  be  if 
observed  at  the  same  place  with  the  greater  altitude.  Again,  if  thq^lcM 
altitude  be  observed  in  the  afternoon,  a  contrary  process  is  to  be  ob- 
served ;  viz.,  the  reduction  of  altitude  is  to  be  subtracted  therefrom^ 
when  the  above  angle  is  less  than  8  points,  but  to  be  added  thereto 
when  it  is  greater. 

To  compute  the  Latitude  :— 

Reduce  the  sun's  declination  by  Problem  XIV.,  page  357,  to  Ac 
time  and  place  where  the  greatest  altitude  was  observed ;  then,  to  the 
log.  secant  of  the  latitude  by  account,  add  the  log.  secant  of  the  cor- 
rected declination;  the  sum,  rejecting  20  from  the  index,  will  be  the 
logarithmic  ratio. 

To  the  log.  ratio,  thus  found,  add  the  logarithm  of  the  difference  of 
the  natural  co-versed  sines  of  the  two  corrected  altitudes,  and  the 
logarithm  of  the  half-elapsed  time  (Table  XXX.)  ;  the  sum  of  these 
three  logarithms  will  be  the  logarithmic  middle  time.  Find  the  time 
corresponding  to  this  in  Table  XXXI. ;  the  difference  between  which 
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\nd  the  half -elapsed  time  will  be  the  time  from  noon  when  the  greatest 
iltitude  was  observed.*  From  the  log.  rising  (Table  XXXII.),  answer- 
ng  to  this  time,  subtract  the  log.  ratio ;  and  the  remainder  will  be 
iie  logarithm  of  a  natural  number,  which)  being  subtracted  from  the 
natural  co-versed  sine  of  the  greatest  altitude,  will  leave  the  natural 
versed  sine  of  the  sun's  meridional  zenith  distance ;  to  which  let  the 
:orrected  declination  be  applied  by  addition  or  subtraction,  according 
%»  it  is  of  the  same  or  of  a  contrary  name :  and  the  sum,  or  differ- 
ence, will  be  the  latitude  of  the  ship  at  the  time  that  the  greatest  alti- 
tude was  taken ;  which  may  be  reduced  to  noon,  by  means  of  the  log, 
if  necessary. 

If  the  latitude,  thus  found,  diifer  considerably  from  that  by  account, 
the  operation  must  be  repeated,  using  the  computed  latitude  in  place  of 
that  by  account,  until  the  latitude  last  found  agrees  nearly  with  the 
latitude  used  in  the  computation. 

Remarks, — 1.  Since  this  method  is  only  an  approximation  to  the 
trath,  it  requires  to  be  used  under  certain  restrictions ;  viz.,  the  obser- 
vations must  be  taken  between  nine  o'clock  in  the  forenoon,  and  three 
in  the  afternoon.  If  both  observations  be  in 'the  forenoon,  or  both  in 
the  afternoon,  the  elapsed  time  must  not  be  less  than  the  distance  of 
the  observation  of  the  greatest  altitude  from  noon.  If  one  observation 
be  in  the  forenoon,  and  the  other  in  v  the  afternoon,  the  elapsed  time 
mn^t  not  exceed  four  hours  and  a  half  5  and,  in  all  CAses,  the  nearer  iht 
greater  altitude  is  to  noon,  the  better. 

2.  If  the  sun's  meridional  zenith  distance  be  less  than  the  latitude, 
the  limitations  are  still  more  contracted.  If  the  latitude  be  double 
the  meridian  zenith  distance,  the  observations  must  be  taken  between 
half-past  nine  in  the  forenoon  and  half-past  two  in  the  afternoon ;  and 
the  elapsed  time  must  not  exceed  three  hours  and  a  half.  The  obaerva** 
tions  must  be  taken  still  nearer  to  noon,  if  the  latitude  exceeds  the 
meridian  zenith  distance  in  a  greater  proportion. 

Example  1. 

At  «ea^  January  9th,  1836,  in  latitude  50?  43^  N.,  by  account,  and 
longitude  30?  10^  W.,  at  21^37^35!  mean  time,  the  observed  altitude 
of  the  sun's  lower  limb  was  10?85^30'/S,  and  the  bearing  of  its  centre, 
by  azimuth  compass,  S.  £.  |  S. ;  and  at  23M7"45'  the  observed  alti* 


*  When  the  middle  time  is  greater  than  the  half-elapied  time,  hotii  ohMrvatioiit  wlU  be 
on  tiie  tame  M6  of  the  meridian  ;  otherwiie,  on  different  sides. 
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tude  was  17?0'.50r  S  :  the  height  of  the  eye  above  the  level  of  the 
was  20  feet ;  and  the  ship's  course  during  the  elapsed  time  S.SJS.,  at 
the  rate  of  10  knots  an  hour ;  required  the  latitude  of  the  ship  at  the 
time  of  observing  the  greater  altitude? 

Solution. — ^Thc  sun's  bearing  at  time  of  first,  or  the  least  observa* 
tion,  was  S.  E.  }  S.,  or  3^  points,  and  the  ship's  course  S.S.E.,  or  2 
points:  hence,  the  contained  angle  is  1|  point. 

The  elapsed  time  between  the  observations  is  1^40? lOf  ;  and  the 
rate  of  sailing  10  knots,  or  mileSy  an  hour: — ^Then,  as  1  hour  :  10  miles:: 
lt40r]0?  to  16r42r,  or  17  miles  neor/^ ;  which  is  the  distance  run  be- 
tween the  observations. 

Now,  to  course  H  point  and  distance  17  miles  in  Table  XLII.,  the 
difference  of  latitude  is  16. 5  miles ;  which  is  the  reduction  of  altitude, 
and  which  is  additive  to  the  least  altitude,  because  the  contained  a^/k 
is  less  than  8  points  or  90!,  and  the  observation  made  in  the  forenoon. 


Time  of  observ.  great- 
est altitude  =     .     .  23 !  17"45 ! 

Longitude  30?  10' W., 

in/twe=     .     .     .  +2.   0.40 


Greenwich  time,  past 

noon,  January  10th  =  1  *  18?25f 


0  declination  at  noon, 

January  lOth     .     .  22?3'52rS. 
Correc.  for  1 1 18725 !     —  0. 29 


O  reduced  declination  22 ?3 r 23rS. 


jFfr9/ observed  altitude  of  the  sun's  lower  limbs: . 


.  10?35^30f 


Sun's  semidiameter  =     .     .     16'17^1   -.  ^ 

Dip  of  horizon  for  20  feet  =      4: 171}   ^^^^^''^nc^  =  .     .  -h  12.   0 

Sun's  apparent  altitude  =  • 10?47^30r 

Refraction  = 4'.52n 

Parallax  = 9.  /difference  =       .  -  4. 43 

Reduction  of  altitude  =s +  16. 30 


Sun's  reduced  altitude  =» 10?69n7r 

which  is  the  altitude  that  the  sun's  centre  would  have,  if  observed  at 
the  second  jD^ce  of  observation. 

Second  observed  altitude  of  the  Sun's  lower  limb  =     .     .  17®  O'oOT 

Sun's  semidiameter  =  .     .     .  16' 17^1 

Dip  of  horizon  for  20  feet  =  .    4. 17.  J   difference  =  •    •    +  ^2.  00 

Sun's  apparent  altitude  = 17?12f50f 

Refraction  = 3l2r") 

ParaUax  = 8.  J  I5iffe^"ee=  .     .  2.54 

Sun's  true  central  altitude  = 17?  9:56? 
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Lat.  by  account^  or  dead  reckoning  50?42^  0?  Log.  sec.  =  10. 196335 
Sun's  reduced  declination  ...  22.   3. 23    Log.  sec.  =  10. 033007 

Logarithmic  ratio  ^ 0.231342 

First  time      21  *37r36r  j  alt.l0?69: 1/^N.co-v.S.  809396 
Second  time    23. 17.45;  alt.  17.   9.56  N.co-v.S.  704866 

Elapsedtime=l*40-10f— DiflFerence  =  .  .  .  104530  L.6. 019241 
Half  E.  time=  0*50r  5 ! ;  the  Log.  of  which.  Table  XXX.,  is  0. 663950 

Middle  time=  1.37.   0.— Log.  mid.  time.  Table  XXXI.  =  5.914533 

Timefr.noon=0*46T55!,  when  the  greatest  altitude  was  taken;  the 
Logarithmic  rising  of  which.  Table  XXXII.,  is  .  .  .  *  4. 319740 
Logarithmic  ratio  =^ .     .     .     .     .     .     .    0.231342 


Natural  number  = 12257  Logarithm  4. 

Nat.  co-versed  sine  of  greatest  alt.  =      704866 


ir:^v5: 


Nat.  versed  sine  of  merid.  zenith  dist.  =  692609  =  •72?5f53r  North. 
Sun's  reduced  declination  =       .     .     .     .     .     .     .     22.3.23     South. 

Latitude  of  the  ship  = 60?2^30r  North. 

But,  since  this  differs  more  than  39  miles  from  the  latitude  by  account, 
it  becomes  essentially  necessary  to  repeat  the  operation* 
Computed  latitude  =    .     .     .     50?2^30r  Log.  secant  =     10. 192309 
Sun's  reduced  declination  =  .    22. 3. 23    Log.  secant  =?     10. 033007 


m    ■ 


Logarithmic  ratiOy  for  second  operation  =  • 0. 225316 

Difference  of  nat.  co-versed  sines,  as  above,  104530,  Log.     5. 019241 
Half  elapsed  time  =  0!50T  5f  Logarithm,  as  before  =  .     0.663950 

Middle  time  =  .     .     1.35.34    Log.  middle  time  =    •     •    5.908507 

Time  from  noon  =      0*45T29?,  when  the  greatest  altitude  was  taken ; 

The  logarithmic  rising  of  which  is 4. 292880 

Logarithmic  ratio  = 0. 225316 

Natural  number  = 11683     Logarithm  4.067564 

Nat.  co-versed  sine  of  the  greatest  alt. =704866 

Nat  versed  sine  of  merid.  zenith  dis.  =693183  =  72?7'67^  North.  ' 
Sun's  reduced  declination  = 22.3.23    Soutih. 

Latitude  of  the  ship  = 50?4^34r  North. 

And  since  this  differs  only  about  two  miles,  from  the  computed  lati- 

D   D 


402 


NAUTICAL  ASTROiroinr. 


tude^  as  above ;  it  may,  therefore,  be  esteemed  as  the  tme  latiinde  oC 
the  ship. 

Example  2. 

At  sea,  April  14th,  1836,  in  latitude  43?  17'  S.,  by  account,  snl 
longitude  GO? 25:  E.,  at  23^20r52!  mean  time,  the  observed  iltitiide 
of  the  sun's  lower  limb  was  35?30'.30r  N.  and  at  2*  10T22!  mean  time, 
April  15th,  the  observed  altitude  of  that  limb  was  28?38:40r  N^  an! 
the  bearing  of  the  sun's  centre,  by  azimuth  compass,  N.W.  f  N.|  tke 
hdight  of  the  eye  above  the  level  of  the  horizon  was  24  feet,  and  the 
ship's  course  during  the  elapsed  time  S.W.,  at  the  rate  of  9  knot!  sa 
hour ;  required  the  latitude  of  the  ship  at  the  time  of  observatioii  of 
the  greater  altitude  ? 

Solution. — The  sun's  bearing  at  the  time  of  obsenring  the  hast 
altitude  was  N.W.  J  N.,  or  3J  points,  and  the  ship's  course  S.W.  >- 
hence  the  contained  angle  is  8}  points.  The  elapsed  time  between  the 
observations  is  2*49T30f,  and  the  rate  of  sailing  9  knots,  or  mtfat  an 
hour.  Then,  as  1  hour  is  to  9  mUes,  so  are  2^49730?  to  25^26!; 
which  is  the  distance  run  between  the  observations.  Now,  to  ooune 
7i  points  (viz.  16~8|=7i)»  ^^^^  distance  25  miles,  the  difference  of 
latitude  is  3.7  miles,  or  3 '.42'',  which  is  the  reduction  of  altitude,  and 
which  is  additive  to  the  least  altitude^  because  the  contained  angle  if 
more  than  8  points,  and  that  altitude  observed  in  the  afternoon. 


Time  of  observ.  great- 
est altitude  =   .     .     23t20r52! 

Longitude  ()0°23^  E., 

in  time  =  .     .     .     —4.    1.40 


mmm^m 


Greenwich  time,  past 
noon,  April  14th  =    19*  19712! 


0  's  declination  at  noon, 

April  14th  =.     .    9?31^20fN. 
Cor.  for  19n9Tl2',=  +17- 18 


0'8  reduced  decL  s   9?48'38rN. 


First  observed  altitude  = 

Sun's  semidiameter  =     • 
Dip  of  hor.  for  24  feet= 

Sun's  apparent  altitude  = 
Refraction  =       ... 
Parallax  =      •     •     .     . 


35?30:3(K 


15 


4.42   r^^^^^"^^= 


+IM5 


1 '  19'/ 1 

^'  ^'  >  Difference: 


•     •    • 


35?41f45r 
-   l.U 


Sun'8  true  central  altitude  = 35?40f33? 
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Second  observed  vltiinde  m      .    ; 28?38^40? 

Sun's  semidiamcter  =     .     15'57^1  T%«i*.  .n   ic 

Dip  of  hor.  for  24  feet  =       4. 43  j»^««°««  =        •     •     +"'15 


Sun's  apparent  altitude  = 28M9f551 

,  Refraction  = I'43r1^._  ,  ^. 

Parallax  = 0.  8  |l^«f«««« «     •    •    '     ^^'^ 

Reduction  of  altitude  s +3.42 


Sun's  reduced  altitudes     .     ,  ' 38?52<  S? 

which  is  the  altitude  that  the  sun's  centre  would  have,  if  observed  at 
the  first  place  of  observation  at  2 !  10?22 '.  past  noon,  April  15tb« 

Lat.  by  account,  ot  dead  reckoning  43?  17-  0^  Log.  sec. »  10. 13788& 
Sun*8  reduced  declination  s=  .     .    9. 48. 38    Log.  sec.  s  10. 006396 


Logarithmic  ratio  =:.«,, •    •    •    ^    0«  144283 

Ftrst  t\me      23*20r52?,  alt.  35?40r33rN.co.v.S.  416801 
Second  time     2. 10. 22,  alt.  28. 52.    2  N.co-v.S.  517218 


Elapsed  time  ±=2  *49?30!.— Difference  =       .     .     100417  L.  5. 001807 


Half  E.time=  1  ;24r46!,  the  Log.  of  which,  Table  XXX.,  is  0. 441990 


Middle  times  0.  44.  40.— Log.  mid.  time.  Table  XXXI.  =   5. 588080 


Timefr.noon=sOt40T'  5!,  when  the  greatest  altitude  was  taken  \  the 
Logarithmic  rising  of  which  in  Table  XXXII.  is  •  •  •  4. 183480 
Logarithmic  ratio  » ' 0. 144283 


Natural  number  = 10943  Logarithm  4. 039147 

Nat.  co-versed  sine  of  greatest  altitudes  416801 


Nat.  versed  sine  of  merid.  zenith  dist.  ==  405858  s  53?32^55r  South. 
Sun'B  reduced  declination  = 9. 48. 38    North. 

Latitadeofiheahipa 43?44a7?  Boath. 

dd2 
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But,  since  this  differs  more  than  27  miles  from  ilie  latitude  by  account^ 
it  becomes  indispensably  necessary  to  repeat  the  cperation. 

Computed  latitude  ....     43?44'17^  Log.  secant  =  10.141157 
Sun's  reduced  declination       .      9.  48. 38    Liog.  secant  =  10. 006398 


Logarithmic  ratio  for  second  operation  = 0. 147355 

Dif.  of  natural  co- versed  sincs^  as  above,  100417*  Log.  =  5.  OO1807 
Half  elapsed  time  V.24'A5%  Log.  of  ^yhich,  as  above  rr       .  Q.  441990 


Middle  time      .    0. 45.    1,    Log.  middle  timers       •     .     •  0. 591352 


Time  from  noon=  0^39?44 ! ,  when  the  greatest  altitude  was  taken ;  the 

Logarithmic  rising  of  which  is 4.  175826 

Logarithmic  ratio  for  second  operation  = 0. 147555 

Natural  number  = 10673  Logarithm  4.  Q28S71 

Nat.  co-versed  sine  of  greatest  altitude=  416801 

Nat.  versed  sine  of  merid.  zenith  distance  4C6128  =  53^34C   4^  South. 
Sun's  reduced  declination  =       .'...••.     9.  48.  38   North. 


Latitude  of  the  ship  = 43^45 '26T  South. 

And,  since  this  only  differs  1 '  9'/,  or  little  more  than  one  mile  from 
the  computed  latitude,  as  above,  it  may,  therefore,  be  esteemed  as  the 
true  latitude  of  the  ship. 

Remark. — The  method  of  finding  the  latitude  by  double  altitudes^  as 
above,  being  a  very  tedious  and  indirect  operation,  and  generally  a 
very  inaccurate  one,  unless  the  limitations  pointed  out  in  the  remarks 
(page  399)  are  strictly  attended  to,  no  notice,  therefore,  \vouId  have 
been  taken  of  it  in  this  work,  were  it  not  for  the  purpose  of  giving 
the  most  ample  illustration  of  the  general  use  of  the  Tables.  And, 
notwithstanding  what  has  been  said  in  favour  of  double  altitudes  by 
theoretical  writerSy  this  method  of  finding  the  latitude  at  sea  is  evi- 
dently far  from  being  one  of  the  most  advantageous  in  practical 
navigation  :  for  the  operation,  besides  being  rather  circuitous^. requires 
a  considerable  portion  of  time  to  go  through  with  it  correctly  j  and, 
after  all,  it  frequently  happens,  that  although  every  seeming  precau- 
tion-has been  taken^the  mariner's  hopes   are   disappointed  in  the 
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,    result.     We  will  now  proceed  to  a  more  direct  and  universal  uietho4  of 
finding  the  latitude^  either  at  sea  or  on  shore. 


Problem  VIII. 

Given  the  Altitudes  of  two  known  fixed  Stars  observed  at  the  same 
instant y  at  any  time  of  the  Nighty  to  find  the  Latitude  of  the  Place 
of  Observation^  independent  of  the  Latitude  by  Account,  the  Longt^ 
tude,  or  the  Mean  Time. 

In  the  preceding  problems  for  finding  the  latitude  (the  two  last 
excepted)^  the  meridional  altitudes  of  the  celestial  objects  were  the 
principal  elements  under  consideration  ;  however,  since  it  frequently 
happens  that,  in  consequence  of  the  interposition  of  clouds,  or  other 
causes,  the  altitudes  of  the  heavenly  bodies  cannot  always  be  taken  at 
their  respective  times  of  transit,  the  present  problem  is,  therefore^ 
proposed,  which  possesses  the  peculiar  advantage  of  enabling  the 
mariner  to  determine  the  position  of  his  ship,  with  respect  to  latitude^ 
by  the  altitudes  of  two  known  fixed  stars,  observed  at  the  same  in- 
stant, and  at  any  hour  of  the  night,  either  before  or  after  their  passing 
the  meridian,  and  independent  of  the  latitude  by  account,  the  longi- 
tude, or  the  mean  time  of  observation.  Nor  will  the  mariner,  in  this 
method,  be  subjected  to  the  necessity  of  repeating  the  operation,  or  of 
puzzling  himself  with  a  variety  of  cases  and  corrections,  in  finding  an 
approximate  latitude. 

In  the  proposed  method  of  finding  the  latitude,  the  principal 
element  which  enters  into  the  calculation,  viz.,  the  true  spherical 
distance  between  the  two  stars^  will  be  found  in  the  eighth  column  of 
the  page,  in  Table  XLIV. ;  and  although  that  distance  is  adapted 
to  the  beginning  of  the  year  1824,  yet,  it  may  be  very  readily  reduced 
to  any  subsequent,  or  future  period  :  for,  the  product  of  the  ^'  annual 
variation  in  distance,"  by  the  number  of  years  and  parts  of  a  year 
that  have  elapsed  since  the  1st  of  January,  1824,  being  applied  to  the 
corresponding  tabular  distance,  between  the  two  given  stars,  by 
addition  or  subtraction,  according  to  its  sign ;  the  result  will  be  the 
correct  spherical  distance  between  the  two  stars  at  the  given  time. 
And  for  this  particular  purpose,  viz.,  the  determination  qf  the  latitude, 
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the  tabular  diitance,  90  reduced,  will  pfore  to  be  mfficicntly  near  die 
truth  during  all  the  remainkiff  years  of  the  mmeieenik  eemharg^ 

As  the  method  in  question  is  most  highly  deserving  of  the  young 
navigator's  attention,  I  shall,  therefore,  give  an  illustration  of  the 
principles  upon  which  it  is  founded :— as  thus. 


In  the  annexed  diagram,  let 
the  points  R  and  A  represent 
the  places  of  two  fixed  stars ; 
P,  the  pole  of  the  equator,  and 
Z  the  zenith  :  hence  the  side 
PZ  is  the  co-latitude  of  the 
place  of  observation. 

Let  PR  be  the  polar  dis- 
tance of  the  star  which  is  most 
remote  from  the  pole ;  and  P 
A  that  of  the  star   which  is 

nearest  to  it ;  then,  the  angle  R  P  A  expresses  the  difference  of  right 
ascension  between  the  two  stars ;  and  the  arc  RTA,  their  distanee 
asunder  in  the  fimianent.  The  arc  Z  R  is  the  zenith  distance,  or  co- 
altitude  of  the  star  which  is  most  remote  from  the  pole  P;  and  ZA 
that  of  the  star  which  is  nearest  to  it. 

Now,  in  this  diagram,  it  is  evident  that  there  are  three  oblique  angled 
spherical  triangles  to  work  in,  viz.,  P  R  A,  Z  R  A,  and  Z  R  P ;  to  find 
the  side  P  Z,  or  the  co-latitude  of  the  ship  or  place. 

First. — In  the  triangle  PRA,  the  three  sides  and  one  angle  are  given  | 
viz.,  the  polar  distance  P  R ;  the  polar  distance  PA;  the  tabular 
distance  between  the  stars  R  A,  and  the  angle  R  P  A  =  the  difference 
of  right  ascension  ;  to  find  the  angle  PRA. 

Second. — In  the  triangle  Z  R  A,  the  three  sides  are  given,  viz.,  the 
zenith  distance,  or  co-altitude  Z  R ;  the  co-altitude  Z  A ;  and  the 
tabular  distance  between  the  stars  R  A  ;  to  find  the  angle  Z  R  A  :-— 
The  difference  between  which  and  the  angle  PRA,  gives  the  angle 
Z  R  P ;  which  is  the  angle  opposite  to  the  co-latitude  of  the  place 
of  observation. 

mrd.'^ln  the  triangle  Z  R  P,  two  sides  and  the  included  angle  are 
given,  viz.,  the  polar  distance  P  R ;  the  zenith  distance  Z  R ;  and  the 
contained  angle  ZRP;  to  find  the  third  side,  or  co-latitude  PZ  :«v 
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And  thus  we  see  the  principles  upon'  which  the  problem  is  based ; 
the  direct  solution  of  which  m^y  be  seen  in  the  following 


Example^ 

January  1st,  1836,  in  north  latitude,  the  true  altitude  of  the  star 
Alphard  was  22?  11 '50'',  and,  at  the  same  instant,  that  of  the  star 
Regulus  was  35?0'10'' 3  required  the  latitude  of  the  place  of  obser- 
vation ? 

Alphard's  red.  right  ascension  9*  19T31 1,  and  declination  7?57:  Or  S. 
R^ulus'sred.        ditto         .     9. 59. 39,  luid  declination  12.45.59  N. 


Difference  of  ditto  .  .  .  .  0*40?  8 !  =  10?2^0'r,  the  angle  R  P  A. 
Reduced  tabular  distance  between  the  two  stars  is  22?59'20r=  the 
side  RA. 

When  the  latitude  of  a  place,  and  the  declination  of  a  celestial 
object  are  of  different  names,  90?  plus  the  declination  ;  but  when  of 
the  same  name,  90?  minus  the  declination,  expresses  the  polar  distance 
of  the  object ;  hence  the  polar  distance  of  Alphard=P  R,  is  97?57'0l^, 
and  that  of  Regulus  =P  A,  77?  14'.  1''.  As  the  zenith  distances  are 
simply  the  co-altitudes  of  the  objects,  therefore,  the  zenith  distance  of 
Alphard=Z  R,  is  67?48:  lOr,  and  that  of  Regulus  =  Z  A,  64?69^60r.* 
Now,  with  those  elements,  the  latitude  is  to  be  determined  in  the 
following  manner,  viz. : — 

First. — To  find  the  angle  PR  A. — See  SphericSy  Problem  I.,  page  198. 

As  the  distance,  or  side  R  A  =22?59^20C,  Log.  co-secant  10. 408320 
Is  to  the  angle  R  P  A  =  .  .10.  2.  0,  Log.  sine  .  .  9.241101 
So  is  the  polar  distance  P  A  =  77- 14.    1 ,    Log.  sine     .     .    9. 989129 


To  the  angle  PR  A  =  .     .     .  25^47 '.2\%  Log.  sme     .     .    9.638550 


*  As  this  illustration  is  intended  for  the  guidance  of  young  gentlemen  who  are  not  sup- 
posed to  be  perfect  roasters  of  the  doctrine  of  sph€ric$,  I  am,  therefore,  desirous  of  rendering 
it  so  very  familiar  as  not  to  subject  them  to  the  necessity  of  guetring  at  my  meaning* 
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Second. — ^To  find  the  angle  Z  R  A. — See  Spkeries,  Problem  V.  p.  207. 

Zenith  distance  Z  A  =  .     .     .     .    54?69'50r 

Zenith  distance  Z  R  =    .     .     .     .     67.  48. 10,  Log.  co-sec.  10. 033441 

Distance  between  the  stars,  or  RA=  22. 59. 20,  Log.  co-sec.  10. 


Jl'iVJ 


Sum  145?47^20r 


Half  sum 72  ?  53  ^40^  Log.  sine  .     9.960351 

Remainder }?•  53. 50.  Log.  sine  .     9.  ASffiJl 


Sum  =19. 


Half  the  required  angle  =        .     .    25? 40 :  38r  L.  co-Bine=r9.  954844i 


AngleZRA= 51?2in6'/-PRA,25?47'2ir=Uic 

angle  Z  R  P,  25?33:55r,  opposite  to  the  co-latitude  P  Z. 

Third. — ^To  find  the  side  P  Z. — See  Spherics,  Problem  III.,  page  202. 

Angle  Z  R  P, 

25?33'.55r,  half  ditto  =  12f46^57i^  twice  its  Ksine  =  18. 689778 
Polar  dis.  or  side  P  R  =  97-  57. 00.  Log.  sine  =  .  .  9. 996806 
Zenith  dis.  or  side  Z  R  =     67. 48.  10.  Log.  sine  =       .     .     9. 966559 

Constant  log.  =     6. 301090 

Difference  of  the  sides  =      30?  8:50r  N.V.S.=  135262    

Natural  number  =        89779  L.  4.  953173 


Natural  versed  sine  of  the  side  P  Z  =  .  .  .  .  225041  =39?  1 1  ^ 55r, 
the  co-latitude.  Hence  the  latitude  of  the  place  of  observation  is 
50?48:5r  North. 

Note. — The  last  operation  is  agreeably  to  the  foimula  under  Remark 
2,  page  204. 

Now,  from  the  spherical  principles  thus  established,  and,  I  trust, 
clearly  illustrated,  we  obtain  the  following 
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General  Rule. 
For  deducing  the  Latitude  from  the  Altitudes  of  two  fixed  Stan. 

Rule. 

Let  the  altitudes  of  two  stars  be  observed^  at  the  same  moment^ 
whose  computed  spherical  distance  asunder  is  given  in  Table  XLIV. ; 
and  let  those  observed  altitudes  be  reduced  to  the  true  by  Problem 
XXVL,  page  378.  Take  the  right  ascensions  and  declinations  of  the 
two  stars,  and  also  their  computed  spherical  distance,  from  Table 
XLIV.,  and  let  these  be  reduced,  respectively,  to  the  night  of  observa- 
tion, as  shown  in  page  115.  Let  the  star  which  is  adjacent,  or  nearest 
to  the  elevated  pole,  be  distinguished  by  the  letter  A,  and  that  which 
is  remote,  or  farthest,  by  the  letter  R. — Now, 

To  the  log.  sine  of  the  reduced  tabular  distance  between  the  two 
stars,  add  the  log.  secant  of  the  declination  of  the  star  A,  and  the  log. 
half-elapsed  time  of  the  difference  of  right  ascension ;  the  sum,  re« 
jeeting  20  from  the  index,  will  be  the  log.  half-elapsed  time  of  arch 
the  first. 

From  the  natural  co- versed  sine  of  the  altitude  of  the  star  A,  sub- 
tract the  natural  co-versed  sine  of  the  sum  of  the  tabular  distance 
between  the  stars  and  the  altitude  of  the  star  R,  and  find  the  logarithm 
of  the  remainder ;  to  which  add  the  log.  co-secant  of  the  reduced 
tabular  distance,  and  the  log.  secant  of  the  altitude  of  the  star  R ; — 
the  sum  of  these  three  logarithms,  abating  20  in  the  index,  will  be  the 
\of^.  x\^\x\g  o{  arch  the  second ;  the  diflTerencc  between  which  and  arrA 
the  first y  will  be  arch  the  third. 

To  the  log.  rising  of  arch  the  (hirdy  add  the  log.  co-sines  of  the 
declination  and  altitude  of  the  star  R,  and  the  sum,  abating  20  in  the 
index,  will  be  the  logarithm  of  a  natural  number ;  which,  being  added 
to  the  natural  versed  sine  of  the  difference  between  the  altitude  and 
declination  of  the  star  R,  when  its  declination  and  the  latitude  are  of 
the  same  name,  or  to  that  of  their  sum  when  of  contrary  names,  the 
result  will  be  the  natural  co-versed  sine  of  the  latitude. 

Remark. — ^The  reader  is  requested  to  bear  in  mind  that  he  is  to  make 
choice  of  two  stars  whose  spherical  distance  asunder  is  given  in  the 
eighth  column  of  the  page  in  Table  XLIV. ;  and  here  it  may  be  ne- 
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cessary  to  observe,  that  in  many  cases  the  distance  of  the  same  Mglit 
Btur  has  been  computed  from  two  or  three  stars  situated  in  d^enst 
parts  of  the  heavefis,  bo  as  to  afford  an  opportunity  of  selecting  tlw 
object  which  may  appear  to  be  in  the  most  favourable  position  for  ob- 
servation, llie  tabular  distances  are  adapted  to  the  beginning  of  flie 
year  1824 ;  but  they  have  been  calculated  with  so  much  care  thit, 
when  reduced  to  a  subsequent  period^  or  to  any  distxmt  year^  they  wiU 
prove  to  be  sufficiently  correct  for  all  nautical  purposes'  till  the  end  of 
the  nineteenth  century,  or  till  the  1st  of  January,  1900.  For  the  man* 
ner  of  reducing  those  distances  to  uny  future  time,  see  the  precepts  ia 
the  lower  half  of  page  115. 

Caution, — In  order  to  guard  against  falling  into  an  error,  by  work- 
ing in  an  impossible  trianglCy  it  will  be  advisf^ble  to  make  choice  of  two 
stars  whose  tabular  distance  is  not  less  than  20  degrees,  and  difference 
of  right  ascension  not  less  than  a  quarter  of  an  hour :  and,  since  the 
Table  contains  an  extensive  variety  of  distances  and  differences  af  rigid 
ascension  greater  than  those  values,  the  practical  navigator  can  never 
be  at  a  loss  in  finding  out  two  eligible  stars  for  obsen-ation  ;  sq.  far  at 
regards  their  situation  in  the  heavens,  and  their  position  with  respect 
to  tlie  hori/on. 

Example  I. 

At  sea,  January  1st,  1836,  in  north  latitude,  the  mean  of  several  ob- 
served altitudes  of  the  star  Alphard,  reduced  to  the  true  altitude, 
22rll'50^;    and,  at  the  same   time,  that  of  the   star  Regulus 
35?0'  10^ ;  required  the  latitude  of  the  ship,  or  place  of  observation? 

• 

Let  Regulus,  the  star  nearest  to  the  elevated  pole,  be  called  A;  and 
Alphard,  the  most  remote^  from  it,  11 : — Then  the  tabular  distance, 
right  ascensions  and  declinations  of  these,  reduced  to  the  given  day^ 
are  as  follow,  viz. :  —  # 

True  spherical  distance  between  the  two  given  stars=  .  22f59'.20? 
A,  orRegulus'sR.  A.  =     9*59"'39! ;  and  declination  .  12.45.59  N, 
R,  or  Alphard's  R.  A.  =     9.19.31   ;  and  declination  «    7«57*   0    S. 


Difference  of  R.  A.  •  =  0*407  8 !  L.  half-elapsed  time=  0. 758900 
Dist.  between  the  stars  22? 59'.  20r  Log.  sine  ....  9.591680 
Declina.  of  the  star  A     .  12. 45. 59   Log.  secant      ...  10. 0108/1 


Arch  the  first  .     .    .  s     1M3?  9:  L.  half-elapsed  times    0.3614fil 
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Dist.  betw.  the  stares  22?59^20r  Log.  co-secant       •    .  10.406320 
Altitude  of  the  star  R=s  22. 1 1 .  50    Log.  secant       ...  10. 033441 


Sum  of  ditto      .     .  =  45?  11  UOr  Nat.  co-v.  sine  290600 
AltitudeofthestarAs  35.  0.10    Nat.  co-v.  sine  426384 


Remainder^  or  difference  of  natural  co- versed  sines  135/84  L.  5. 132849 


Arch  the  second    .     .=     3*  25^25!  Log.  rising     .     .     =6.574610 
Arch  the  first    .     .     .  =     1 .  43.   9 


Arch  the  third  .  .=  l*42r  16!  Log.  rising  .  .  =4.990860 
Declina.  of  the  star  R  =  7  ?57 '  0^  Log.  co-sine  .  .  .  9.995806 
Altitude  of  ditto  .     .     .22.11.50   Log,  co -sine    .     .     .    9.966559 


Sum  of  declin.  and  alt.  =  30?  8:50r  N.  V.  sine  135262  

Natural  number 89789  Log.  4. 953225 


Natural  co-versed  sine  of  the  latitude  =     .     .  225051=50?48r2r  N.; 
which  is  the  latitude  of  the  place  of  observation^  as  required. 

Note, — ^The  latitude^  thus  founds  differs  3^,  or  the  twentieth  part  of 
a  minute^  from  that  determined  by  spherical  trigonometry  in  the  pre- 
ceding page :  this  trifling  difference  is  owing  fo  the  numbers  in  the 
Tables  of  Log.  Half-elapsed  Time  and  Log.  Rising,  being  only  ex-- 
tended  to  five  places  of  decimals ;  while  the  numbers  in  the  Tables  used 
for  the  spherical  computation^  are  jiU  extended  to  six  places  of  figures. 

Example  2. 

At  sea,  January  1st,  1836^  in  north  latitude,  the  mean  of  several 
observed  altitudes  of  the  star  a  Arietis,  reduced  to  the  true  altitude,  was 
16?45134^,  and,  at  the  same  instant,  that  of  the  star  Aldebaran  was 
41  ?4 1^40'';  required  the  latitude  of  the  ship,  or  place  of  observation  ? 

Let  a  Arietis,  the  star  nearest  to  the  elevated  pole  ^  be  called  A  ^  and 
Aldebaran,  the  most  remote  from  it,  R : — ^Then,  the  tabular  distance^ 
right  ascensions^  and  decUnatiObs  of  these^  reduced  to  the  given  day^ 
are  as  follow,  viz. ;— 
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True  spherical  distance  between  the  two  given  8tar8s35?%2!7* 
A,  or  a  Arietib'  R.  A.  =     1  !57r56: ;  and  declination  .  22?41 '.  V.  N. 
R,orAldebaran*8R.  A.=     4.26.31;  and  decUnation  .   16.10.24  N. 

Difference  of  R.  A.  .  .  2^28:35!  L.  half-elapsed  time  0.219070 
Dist.  between  the  stars  .  35?32'  7"  Log.  sine  .  .  •  .  9.7643S9 
Declina.  of  the  star  A  =  22.41.   2    Log.  secant     •     .     .  10.031963 

Arch  the  first  =  .  .  .  4  ^53*?  50?  L.  half-elapsed  tinie=  0.018364 
Dist.  betw.  the  stars  35?32^  7"-  Log.  co-secant  .  .  .  10.2356/1 
Alt.  of  the  star  R  =  41.41.40    Log.  secant 10.126852 

Sum  of  ditto  .     .  =  77?13M7r  Nat.  co-v.  sine  024736 
Alt.  of  the  star  A  =   16. 45. 34    Nat.  co-v.  sine  711648 

Remainder,  or  difference  of  nat.  co^ersed  sines  686912  L.  5. 83G001 

Arch  the  second  .  .  8*22:35?  Log.  rising  ....  6.199424 
Arch  the  first  .     .     •     4.53.50 

Arch  the  third  .  .  .  3t28T45!  Log.  rising  ....  5.587G20 
Declina.  of  the  star  R  lG<?10:24r  Log.  co-sine  .  .  .  .  9.982463 
Altitude  of  ditto    .     .41.41.40    Log.  co-sine  .     .     .     .     9.873148 

Diff.  of  dec.  and  alt.  .  25?31 '  16r  Nat.  v.  sine  097574  • 

Natural  number 277479  Log.  6.  443231 

Natural  co-versed  sine  of  the  latitude  .  .  .  375053=38? 40'42rN. 
which  is  the  latitude  of  the  place  of  observation^  as  required. 

Note. — The  difference  betwixt  the  declination  and  altitude  of  the 
star  R,  is  taken  in  this  example  because  the  latitude  and  declination 
of  that  star  are  of  the  same  name :  in  the  preceding  example^  the  sum 
Mas  taken  because  the  latitude  and  declination  were  of  contrary  names. 
And,  as  this  is  the  only  case  to  which  the  rule  is  subject;  it  is  pre- 
sumed that  any  further  illustration,  by  way  of  examples^  would  be 
unnecessary. 

Hence,  it  is  manifest  that  in  the  above  problem  the  mariner  is  pro- 
vided with  a  direct  ind  most  accurate  method  of  finding  the  latitude  at 
sea ;  and,  since  it  prevents  the  uncertainty  and  confusion  arising  from 
an  error  in  the  assumed  latitude,  or  that  by  account,  and,  besides,  being 
free  from  all  ambiguity,  restriction,  and  variety  of  cases  whatever,—- -it 
may,  therefore,  be  employed  with  a  certainty  of  success,  at  any  hour 
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of  the  night,  whenever  two  known  fixed  stars  are  visible.  Indeed,  if 
the  altitudes  of  the  objects  be  determined  with  but  common  attention, 
the  latitude  resulting  therefrom  will  be  always  true  to  the  nearest 
second  of  a  degree,  without  the  necessity  of  repeating  the  operation,  or 
of  applying  any  correction  whatever  to  the  result. 

Remarks. — Although  it  is  at  all  times  advisable  for  two  observers  to 
take  the  altitudes  of  the  stars  at  the  same  moment  of  time,  yet,  should 
one  person  be  desirous  of  going  through  the  whole  operation  himself, 
he  is  to  proceed  as  follows: — viz.,  let  the  altitude  of  one  star  be  taken, 
and  the  time  of  observation  noted  by  a  watch  that  shows  seconds ; 
then  let  the  altitude  of  the  other  star  be  observed,  and  the  time  noted 
also ;  and  let  the  altitude  of  iht  first  observed  star  be  again  taken,  and 
the  time  of  observation  noted. 

Now,  find  the  difference  between  the  first  and  last  times  of  observa* 
tion,  and  between  the  altitudes  of  the  first  observed  star  3  and  find, 
also,  the  difference  between  the  first  time  of  observation  of  the  first 
star,  and  the  time  of  observing  the  second  star.  Then  say,  as  the  in- 
terval or  difference  of  time  between  the  two  observations  of  the  first 
star,  is  to  the  difference  of  altitude  in  that  interval ;  so  is  the  interval, 
or  difference  of  time,  between  the  observations  of  the  first  and  second 
star,  to  a  correction  ;  which,  being  applied  by  addition  or  subtraction, 
to  the  first  observed  altitude  of  the  first  star,  according  as  it  may  be 
increasing  or  decreasing,  the  sum  or  difference  will  be  the  altitude  of 
that  star  reduced  to  the  time  that  the  altitude  of  the  second  star  was 
taken.  This  part  of  the  operation  may  be  readily  performed  by  pro- 
portional logarithms  ; — see  Example,  page  75.  The  interval  between 
the  observations  ought,  however,  to  be  as  much  contracted  as  possible, 
on  account  of  guarding  against  any  irregularities  in  the  change  of  alti- 
tude.— With  the  altitudes,  thus  found,  and  the  other  requisite  elements, 
the  latitude  is  to  be  computed  as  above. 


Problem  IX. 

Given  the  Latitude  by  Account^  the  Altitude  of  the  Suns  lower  or  upper 
Limb  observed  near  the  MeHdiaUj  the  Mean  Time  of  Observation,  and 
the  Longitude  ;  to  find  the  true  Latitude. 

Since  it  frequently  happens  at  sea,  particularly  during  the  winter 
months  of  the  year,  that  the  sun's  meridional  altitude  cannot  be  taken, 
in  consequence  of  the  interposition  of  clouds,  fogs,  rain^  or  other 
causes;  and  since  the  true  determination  of  the  latitude  becomes  an 
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object  of  the  greatest  importance  to  the  mariner  when  his  ship  ii  nil* 
ing  in  any  narrow  sea  trending  in  an  easterTy  or  a  westerly  dUrectioa, 
such  as  the  British  Channel ;  the  present  problem  ia^  therefore,  giTCBi 
by  means  of  which  the  latitude  may  be  very  readily  and  correctly  in- 
ferred from  the  sun's  altitude  taken  at  a  given  interval  from  nooOf 
within  the  following  limits ;  viz., — ^The  number  of  minutes  and  pirti 
of  a  minute,  contained  in  the  interval  between  the  time  of  observation 
and  noon,  must  not  exceed  the  number  of  degrees  and  parts  of  a  de* 
gree  contained  in  the  object's  meridional  zenith  distance  at  the  place  of 
observation.     And,  since  the  meridional  zenith  distance  of  a  celeitial 
object  is  expressed  by  the  difference  between  its  declination  and  the 
latitude  of  the  place  of  observation,  when  they  are  of  the  same  name^ 
or  by  their  sum,  when  of  contrary  names,  the  extent  of  the  interfal 
from  noon  wiihin  which  the  altitude  should  be  observed^  ni&7»  thereAKre, 
be  readily  ascertained,  by  means  of  the  diflference  between  the  latitndf j 
and  the  declination,  when  they  are  both  north  or  both  south,  or  hf 
their  sum  when  one  is  north  and  the  other  'south :  thns^  if  die  latitude 
be  60  degrees,  and  the  declination  23  degrees,  both  of  the  same  nsmc^ 
the  interval  between  the  time  of  observation  and  noon  ought  not  to 
exceed  3/  miimtes ;  but  if  one   be  north  and  the  other  south,  the 
interval  may  be  extended,  if  necessary,  to  83  minutes  before  or  after 
noon.    The  altitude,  however,  may  be  taken  as  near  to  noon  as  the 
mariner  may  think  proper ;  the  only  restriction  being,  that  the  observa* 
tion  must  be  made  within  the  above-mentioned  limits. 

The  interval  between  the  mean  time  of  observation  and  noon  must 
be  accurately  determined :  this  may  be  always  done,  by  means  of  a 
chronometer  or  any  well-regulated  watch  showing  seconds;  proper 
allowance  being  made  for  the  difference  of  time  answering  to  the  change 
of  longitude,  if  any,  since  the  last  observation  for  determining  its 
error. 

Now,  if  the  sun's  altitude  be  observed  at  any  time  within  the  above* 
mentioned  limitSy  the  latitude  of  the  place  of  observation  may  then  be 
determined,  to  every  degree  of  accuracy  desirable  in  nautical  opera- 
tions, by  the  following  rule ;  which,  being  performed  by  proportional 
logarithms,  renders  the  operation  nearly  as  simple  as  that  of  finding 
the  latitude  by  the  meridional  altitude  of  a  celestial  object. 

See  explanation  to  Tables  LI.  andLII.,  between  pages  138  and  143. 

Rule. 

Reduce  the  sun's  declination  to  the  mean  time  and  place  of  obser* 
vation,  by  Problem  XIV.,  page  367,  and  let  the  observed  altitude  of 
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the  sun's  lower  limb  be  reduced  to  the  true  central  altitude^  by  Problem 
XXIII.y  page  374.  Then,  with  the  sun's  reduced  declination^  and  the 
latitude  by  account^  enter  Table  hh  or  LII.  (according  as  the  latitude 
and  the  declination  are  of  the  same  or  of  a  contrary  denomination),  and 
take  out  the  corresponding  correction  in  seconds  and  thirds,  which  are 
to  be  esteemed  as  minute$  and  secondsy  agreeably  to  the  Rule  in  page 
139-    Now, 

To  the  proportional  logarithm  of  this  correction,  add  twice  the  pro- 
portional logarithm  of  the  interval  between  the  time  of  observation  and 
noon,  and  the  constant  logarithm  7*  2730 ;  the  sum  of  these  three 
logarithms,  abating  10  in  the  index,  will  be  the  proportional  logarithm 
of  a  correction,  which  being  added  to  the  true  altitude  of  the  sun's 
centre,  the  sum  will  be  the  meridional  altitude  of  that  object :  hence 
the  sun's  meridional  zenith  distance  will  be  known ;  to  which  let  its 
reduced  declination  be  applied  by  addition  or  subtraction,  according  as 
it  is  of  the  same  or  of  a  contrary  name^  and  the  sum  or  difference  will 
be  the  latitude  of  the  place  of  observation. 

Remark. — In  taking  out  the  equation  from  Table  LI.  or  LIL^  pro* 
portion  must  be  made  for  the  excess  of  the  given  degrees  of  latitude 
and  declination  above  the  next  less  tabular  correction ;  agreeably  to  the 
formula,  or  mode  of  computation^  at  the  bottom  of  page  141. 


Example  I. 

At  sea,  January  1st,  1836,  at  22!48?3f  mean  time,  in  latitude 
51?36'  north,  by  account,  and  longitude  I0?45'30T  west ;  the  mean 
of  several  observed  altitudes  of  the  sun's  lower  limb  reduced  to  the 
true  central  altitude,  was  13?33'581'  south  :  required  the  true  latitude 
of  the  place  of  observation  ? 


Mean  time  of   observ.  22!48r3! 
Longitude     10?45:30r 

west,  in  time  .     ..    +  0. 43. 2 


Greenwich  time  . 


.  23*3175! 


Sun's  declination  at 

noon,  Jan.  1st  =     23?  4n6VS, 
Cor.for23?3l:5!=      -  4.49 


Sun's  reduced  dec.  .  22?59:27rS. 


Mean  time  of  observation     .  22?  4873! 
Reduced  equation  of  time     •    —     4.3 


Apparent  time  of  observation  22?  4470! ;  which  is  1!1670!  from  appa- 
rent noon» 
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The  cor.  in  Table  LII^  corresp.  to  lat.  aO?  N.,  and  dec.  22^59? 27?  S, 

taken  as  23?,  is Iri2r9 

Reduction  fori  ?36r  of  latitude  —  3. 1 


» 


Tabular  correction  ^  .  .  .  1  r  9^8  Prop,  logarithm  s  .  2.  1866 
Apparent  time  from  noon  =  1 !  16T0!  Twice  its  prop.  log.  ss  0.  7^ 
Constant' logarithm  = 7*  2730 


Correction  of  the  sun*s  altitude  =     .     1  f50^34r  Prop.  log.     0. 2116 
True  altitude  of  the  sun*s  centre  =      .  13. 33. 58    South. 


Sun*s  meridional  altitude  = 


.  15?24^32r  South. 


Smi's  meridional  zenith  distance  =   .  74?35'28T  North. 
Sun's  reduced  declination      .     •     .     .22. 59. 27   l^utb. 


Latitude  of  the  place  of  observation  =51  f  36^   1 T  North. 

Nole, — In  all  problems  relating  to  the  suUy  the  mean  time  of  observa- 
tion is  to  be  reduced  to  apparent  time,  as  above ;  so  that  the  interval, 
from  noon  may  be  expressed  in  apparent  time. 

Example  2. 

At  sea,  March  21st,  1836,  at  0*57"39!  mean  time,  in  latitude  51?5'. 
north,  by  account,  and  longitude  35?  45^  west,  the  mean  of  several 
observed  altitudes  of  the  sun's  lower  limb,  reduced  to  the  true  central 
a//f7t/cfe,  was  38^3^.37^  south  of  the  observer )  required  the  corre^ 
latitude  of  the  place  of  observation  ? 


Mean  time  of  observ.  =  0*57t39! 
Longitude  35?45:  W., 

mtime^      .     .     .  +2.23.   0 


Greenwich  time  =      .    3 !  20r39  f 


Mean  time  of  observ.  =  0*57 T39! 
Reduced  equation  of  time  —  7«  14 


Q  's  declination  at  noon, 

March  21st  =     .    0?22:  4rN. 
Correc.  for  3*20T39!    +  3. 18 


©  's  reduced  declina.  0  ?25 :  22rN. 


Apparent  time  of  observ.  0?50^25^;  which  is  the  apparent  time  from 


noon. 
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The  correction  in  Table  LI.,  corresponding  to  latitude  50?  north,  and 
Declination  0?  is  ....     1^38^8 

Red.  for  lat.  1  ?5 '.  and  decl.  25^22r  :=      3.    2 


Fabiilar  correction  «....!  r36'f  6,  Prop,  logarithm  3<  0530 
Apparent  time  from  noon  =  .  0!50r26r  Twice  its  P.  L,  1.  lOM 
Constant  logarithm  = ' 7.  2730 


Correction  of  the  sun's  altitude  =   .     .     I?  6M0rProp.log.   0.4314 
True  .altitude  of  the  sun's  centre  =      .  38.  13.  8/    South. 


8un'»  meridional  altitudes     .     .     .     .  39?30n7^  South. 


*—  i 


Sun's  meridional  zenith  distance  =      .  50?39:48r  North. 
Sun's  reduced  declination  =        ...     0. 25. 22    North. 


Itorrect  latitude  of  the  place  of  observ.=51?  5'  5''  North. 

to 

Hence  it  is  evident,  that  the  latitude  may  be  determined  by  thli 
uethod  to  all  the  accuracy  desirable  in  nautical  operations.  It  pos* 
lesscs  a  decided  advantage  over  that  by  double  altitudes ;  and,  mit€ 
he  calculation  is  so  extremely  simple,  the  mariner  will  do  well  to 
irail  himself  thereof  on  every  occasion ;  because  the  latitude,  thus 
leduced,  will  be  equally  as  correct  as  that  resulting  from  the  observed 
neridional  altitude,  provided  the  observation  be  made  within  the  pro^ 
icribed  limits.  When,  however,  the  latitude  and  the  declination  tM^ 
if  different  names,  it  will  not  produce  any  sensible  error  in  the  result, 
f  the  altitude  be  observed  a  few  seconds  tvithoui  those  limits,  as  may  bo 
een  in  Example  1,  page  415. 

But  it  is  to  be  remembered,  that  the  mean  time  of  observation  mutft 
le  well  determined,  because  a  trifling  error  in  the  interval  from  appareni 
loan  would  sensibly  affect  the  resulting  latitude. 


B  s 
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Problem  X. 

Given  ike  Latitude  by  Account,  the  Altitude  of  the  Moon's  lower  m 
upper  lAmb,  observed  near  the  Meridum,  the  mean  Time  qf  Ohem' 
tiouj  and  the  Longitude  ;  to  find  the  true  Latitude, 

Rule. 

To  the  mean  time  of  observation  apply  the  longitude  in  time  hj 
Problem  III.^  page  342^  and  the  mean  time  at  Greenwich  will  be  ob* 
tained :  to  which  let  the  mean  sun's  right  ascension  be  reduced  bj 
Problem  V.^  p^e  344. — Let  the  moon's  semidiameter  and^horizoslU 
parallax  be  reduced  to  the  Greenwich  time  by  Problem  XV.,  page  361; 
her  right  ascension  and  declination  by  Problem  XVI.,  page  364:  ani 
let  the  observed  altitude  of  her  lower  limb  be  reduced  to  the  tne 
central  altitude  by  Problem  XXIV.,  page  3/6. 

To  the  mean  time  of  observation  add  the  mean  sun's  reduced  right 
ascension  ;  the  sum,  abating  24  hours  if  necessary,  will  be  the  i^ 
ascension  of  the  meridian ;  tlie  difference  between  which  and  the 
moon's  reduced  right  ascension  will  be  her  horary  distance  from  the 
meridian. 

Now,  with  the  moon's  reduced  declination,  and  the  latitude  bf 
account,  enter  Table  LI.  or  LII.,  according  as  they  are  of  the  same  9 
of  a  contrary  denomination,  and  take  out  the  corresponding  correctioii, 
agreeably  to  the  Rule  in  page  139  :  with  which  and  the  moon's  honoy 
distance  from  the  meridian,  compute  the  correction  of  altitude;  and 
hence,  the  latitude  of  the  place  of  observation,  by  Problem  IX.,  pap 
413. 

Note. — The  limits  within  which  the  altitude  of  the  moon  should  be 
observed,  are  to  be  determined  in  the  same  manner,  precisely,  as  if  it 
were  the  sun  that  was  under  consideration;  observing,  however  to 
estimate  the  interval  from  the  moment  of  transit  over  the  meridian  of 
the  place  of  observation,  instead  of  from  noon. 

Eo'ample. 

At  sea,  January  23rd,  1836,  at  3*53?  12!  mean  time,  in  htitude 
51  ?15'  north,  by  account,  and  longitude  45  f  west,  the  mean  of  sereni 
observed  altitudes  of  the  moon's  lower  limb,  reduced  to  the  true  ceiUrd 
attitude,  was  39?16C3r  south  ;  required  the  true  latitude  ? 
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a  time  of  observ.  3*53?  12! 

r,  45  f  west,    in 

lie     ...     .  4-3.    0.   0 


•!  Mean  sun'ti  R.  A.  at 

noon,  Jan.  23.  =  20t  7T27'31 
Cor.for6*53rl2'    .      +1.   7-88 


nwich  time  =    .  6* 53"  12 


[I.  A.  at  6  hours, 

ti.  23rd.  =   .     .  0M8T54: 

set.  for  53"  12  f      +1.40 


•educed  R.  A.  =  0*50734! 


ileclination  at  6 

urs,  Jan. 23rd.  .  1?20:56  N. 

;ct.for53ri2'  =  +12.30 


Mean  sun's  red.R.A.  20*  8r36!  19 
Mean  time  of  obs.  .    3. 53. 12.  — 


R.  A.  of  meridian    .    01   1T47'- 
])  'b  reduced  R.  A.  .    0. 50. 34  — 


}>  's  dist.  from  mer.=  0*48r47'  - 


Cor.  Table  LI.  to  lat. 

• 

50?  and  dec.  1?    •. 

ir40r3 

Do.  for  1?15^  of  lat.   . 

and33^26*of  dec. 

-  3.3 

•educed  declin.=  l?33:26'rN.  |  Tabular  correction   . 


ir37^ 


lar  correction  =  .  .  .  1''37'''  0  Prop.  logarithm  .  .  2.0467 
i'b  meridional  distance  0M8T47 'Twice  its  prop.  log.  1. 1340 
tant- logarithm 7.2730 


jction  of  the  moon's  altitude   .     .     1?  3'.  19^  Prop.  log.    0.4537 
altitude  of  the  moon's  centre      .  39. 15.   3     South. 


1*8  meridional  altitude  =    .     .     .  •40?18:22^  South. 


I's  meridional  zenith  distance      .  49M1'38^  North, 
I's  reduced  declination  .     .     .     .     1.33.26    North. 


latitude,  as  required 


•     *     • 


51?  15:  4r  North. 


Problem  XI. 

duce  the  Latitude  from  the  Altitude  of  a  Planet  taken  near  the 

Meridian. 


Rule. 

luce  the  mean  time  of  observation  to  the  meridian  of  Green- 
by  Problem  III.,  page  342 ;  to  which,  let  the  mean  sun'n  right 

K   E  2 
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aBcensloii  bo  reduced  by  Problem  Y.,  page  844 ;  sml  the  geott 
right  uscciiBioii  nnd  declination  of  the  planet  by  Probl^n  XVU., 
30l>.— Find  the  plunct's  horary  diatftnce  from  the  meridian  by  Pra 
XXII.,  p.igc  ;)7^  1  and  let  its  obKcrved  central  altitude  be  reduci 
the  true  altitude  by  Prol>lcni  XXV.,  p^  377. — Now,  with  the 
tilde  by  account,  and  the  ]i1aiict'a  reduced  declination,  enter  TaU 
or  lAI.,  according  as  tliey  are  of  the  Same  or  of  contrary  denoi 
tions,  and  take  out  the  corresponding  correction,  ngrecably  to  the 
in  paf^e  UiO ;  with  which,  and  the  planet's  disitance  from  the  men 
compute  the  correction  of  altitude,  and,  hence,  tlie  latitude  of  the 
of  observation,  by  Problem  IX.,  page  413. 

Note. — The  nicnsHrc  of  the  iiiter\-al  between  the  time  of  obsert 
and  the  time  of  transit, — that  ia,  the  number  of  minutes  and  le 
contained  in  the  plaoct'a  distance  from  the  meridian,  must  not  r. 
the  nnnibcr  of  degrees  and  minutes  contained  in  that  object's  mei 
zenith  distance  nt  the  place  of  obxervation,  as  particularly  pointc 
,  in  page  414. 

See  explanation  to  Tables  LI.  and  Lll.,  page  138,  and  thence  bi 


Example . 

At  sea,  January  4th,   1836,  at  10!47'^5G'  mean  time^  in  In 

4o'^28'  south,  by  account,  and  longitude  C0?12'  cast,  the  mc 
i:oreral  cilisenetl  central  altitudes  rif  tlie  planet  Jupiter,  reduced 
true  aUituik;  was  l!)°32-3y"  north  of  the  observer  j  required  thi 
latitude  of  the  place  of  observation  ? 

Mean  time  of  obs.      .  10t47"oC;  '  A/eaRsmi'sR.A.at noonlS^oS 

LongitudetiU;12:  cast  ,  Correct.  for5!59:56:        +C 

in  time    ....  -4.48.   0    l  ^ 


Greenwich  time  =  S'TiOTiifi'  ,1  Mean  ami's  red.  R.  A.   18*53 


Jupiter's  geocentric  right  ascension,  reduced  to  the  Greenwich 
is  6.4&';48r,  and  hia  declination  23?6:37r  north. 
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I    Mean  time  of  obs.      •  10;47t56! 
i    M(Mn  Bun'd  red.  B.  A.  18. 53. 32 


R.  A.  of  meridian      .     5*  41  "28! 
Jupiter's  R.  A.      ,     .    G.  45. 48 


Cor.  Table  LII ,  aiisw.  to 
lat.  45?,  anddec.  28f  •  ir22'7 

Cor.    for    28t  Lat.    and 

6 '37'' declination    .    '.     -1.0 


Tabular  correction  =    .     .  1^21*^7 


t*  Ditto  meridian  distance  1*  4?2df Twice  its  prop.  log.  .  .  0.8936 
t  Tabular  correction  .  .  K21'r  7  Prop,  logarithm  ....  2.1212 
a  'Constant  logarithm 7.2730 


Correction  of  Jupiter's  altitude     .     .     l°32M7r  Prop.  log.=  0.2878 
True  altitude,  per  observation        .     .   19.52.*^    North. 


^piter's  meridional  altitude  ==      .     .  2l?25^:25r  North. 


IMtto  meridional  zenith  distance   .     .  68?34:35r  South. 
Ditto  reduced  declination     .     .     .     .  23.    6. 37    North. 


Latitude  of  the  place  of  observation  =  45?27'58''  South. 

No/e. — The  latitude  may  be  deduced  in  the  same  manner  from  the 
altitude  of  a  fixed  star  when  near  the  meridian ;  taking  care,  however, 
that  the  interval  between  the  time  of  observation  and  the  mojiient  of 
transit,  fi>.,  the  6t^ir's  horary  distance  from  the  meridian,  does  ne^ 
exceed  the  limits  prescribed  in  page  4N. 


Problem  XII. 

To  deduce  the  Latitude  from  the  Altitude  of  a  Celestial  Object  observe 

near  the  Meridian  heloio  the  Pale. 

Rule* 

If  the  object  be  the  sun,  let  its  horary  distance  from  the  meridian  be 
reckoned  from  apparent  midnight ;  but,  for  any  other  celestial  object, 
let  its  horary  distance  from  the  meridian  be  reckoned  from  the  mean 
time  of  its  transit  beloiv  the  pole'.  Not\',  let  the  correction  answering 
to  the  latitude  and  the  declination  be  always  taken  out  of  Table  LII., 
in  the  same  manner  as  if  those  elements  were  of  different  denomina- 
tions : — then^  the  resulting  correction  of  altitude  beJDg  applied  by 
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tiHracliOK  to  the  (nie  altitude  of  the  olject,  its  meridioiial  tllit 
Mov  Ihf  jAile  will  be  obtained.  With  the  meridional  althnde li 
thejioU,  thus  founil.  and  llie  reduced  declimtton  of  the  object, 
latitude  is  to  be  determined  by  Problem  V.,  page  393. 

Xote. — The  Intnral  between  the  time  of  obseiration  and  the  moa 
of  transit  'rvr.,  the  limits  irithin  which  the  altitude  should  be 
i?n-ed; ,  U  to  be  dt-termiiied  in  the  same  manner  as  if  the  cela 
(•bj«-t  were  near  the  meridian  above  the  pole. — See  the  firvt  paragR 
to  Probk-m  I\..  in  page  4H. 

At  aea,  June  'ilet,  ii^Mi,  at  I2t67r|3:  mean  time,  in  latil 
7\''*o'.  north,  by  account,  and  loni^itude  63:U!  weiitf  the  meai 
several  obscrvetl  altitudes  of  the  sun's  lower  limb,  redmeni  to  the  i 
central  altitude,  was  3:31 :3Uf  south  of  the  ob^ener;  required  the  t 

latitude  of  the  place  of  obi^ervation  ? 

Mean  time  of  uh^.      .   X'l'.bJ'lo'.      t's  reduced  decliu.  23?27:3a 

Lonir.CiifW.,  in  time  +4,20.   0    ,  

I   ©-aX-polardist.  .  G6?32!2S 

Greenwich  time  =     .  l7'l7'Xo'  I  Correct. Table Lll., 
i  ■       to    lat.   /Of    and 

-,        ..         ,    .  ,„ ,,,l       dec.  23?=     .     .       0:37^1 

Mean  time  of  obfi.      .  I2.,y/Tlit'.      _      ,     ,.e-,    .>  ^ 

„    ,  .                  ,  .  .  „,    .,  I>o.,to  l:5;i'oflat. 

Ke<l.  equation  of  tunc  —  1.32               ji.>-,o-<f   u                 »  .^ 

'  and27'3a'otdec.        —3.2 

.\pparent  time  of  obs.   12'5'»r43.'     Tabular  correction  =     Or33r9 


Appar.  time  from  michi,  0;55T4;tf  Twice  its  prop.  log.  ..  .  1.0 
Tabular  correction  .  .  0V337  9  Prop,  logarithm  ....  2.  S 
Constant  logaritlim  = J,% 

Correction  of  altitude _  0^28:52?  Prop.  log.=  0.7 

True  central  altitude  of  the  nun  .'>.5I.3()    South. 


Sun's  meridional  altitude  beloio  the  pole  5?22'38V  South. 
Sun's  north  polar  distance  ....  66. 32. 25 


Latitude  of  the  place  of  observation  =  /I^^S:  3"  North. 

Note.— If  the  object  be  afxedstar,  let  the  mean  time  of  its  supe 
transit  above  the  pole  at  the  given  meridian,  be  determined  by  Prob 
VIII.,. page  348  ;  to  this  time  let  12  hoitrw  diminished  Ut  half  the 


I* 

I 

r 
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LATITUDE    BY    AX    ALTITUDE    TARIN    NEAll  THE    MJ^RIDIAN.      423 

unial  increase  of  the  mean  sUn's  right  ascension^  be  added  {viz., 
12!— Ir58f28=llt58':l!72),and  the  sum,  abating 24  hours,  if  necea- 
Sftrjr,  will  be  the  mean  time  of  the  star's  inferior  transit  below  the 
pole : — ^Then,  the  rest  of  the  operation  is  to  be  performed  exactly  the 
same  as  that  for  the  sun  in  the  Example,  page  422.,^ 


•  •  Jieinark. 

The  following  ingei\ious  problem  for  determining  the  latitude,  was 
communicated  to  the  author  by  that  scientifical  and  enterprising  officer. 
Captain  William  FitzwilHam  Owen,  of  His  Majesty's  ship  Eden,  who 
is  so  highly  renowned  fof  his  extensive  knowledge  in  every  department 
of  science  connected  with  nautical  subjects. 


Problem. 

Given  the  Latitude  by  Account ^  the  true  Altitude  of  the  Sun*s  Centre,  and 
the  apparent  Time ;  to  find  the  true  Latitude  of  the  Place  of  Ob- 
servation. 

Rule. 

Find  the  mean  between  the  estimated  meridian  altitude,  and  the 
altittide  deduced  from  observation,  which  call  the  middle  altitude ;  then. 

To  the  log.  rising  of  the  apparent  time  from  noon,  add  the  log.  co- 
sine of  the  latitude,  the  log.  co-sine  of  the  corrected  declination^  the 
log.  secant  less  radius  of  the  middle  altitude,  and  the  constant  loga- 
rithm 7*  536274  ;*  the  sum  of  these  five  logarithms,  abating  30  in  the 
index,  will  be  the  logarithm  of  a  natural  number,  which  is  to  be  es- 
"  teemed  as  minutes,  and  which,  being  added  to  the  sun's  true  central 
altitude,  will  give  his  correct  meridional  altitude ;  and,  hence,  the  true 
latitude  of  the  place  of  observation  ? 


Example, 

December  22nd,  1825,  in  latitude  8?0^  south,  by  account,  at 
23M1T15!  apparent  time,  the  true  altitude  of  the  sun's  centre  was 
74?  16'  5  required  the  true  latitude  ? 


*  Thif  if  ike  log.  co«8ec«nt  of  one  minute  with  a  mpcUfl^.^des. 
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Apparent  tune  from  noon  =  .  0*  18T45!  Log.  liuug  s  3.iMfi 
Latitude  by  account  ^  ...  8^  0'  OrS.  Lc^.  co-sine  «  9.fl957fiB 
Sun's  corrected  declination  =   23.27*   0  S.  Log.  co-sine  s  9. 


Estimated  meridional  altitude=74'?33(  Or      Constant  log.s  7.331674 
True  central  altitude  =     .     .74.16.0     74U6:  Or 


Middle  altitude  =    .     .     .     .  74^24 :30r     Log.  secant  =    0.37DGM 
Correction  of  altitude  =    , +  39i'  OrLog.=  L58a558 


Sun'b  correct  meridional  altitude  =     .     .     74^56'  Or 
Sun*s  correct  declination  =        ....     23.  27-    0  South. 


True  latitude  of  the  place  of  observation  =    8?22^  Or   South  ;   which 
exactly  agrees  with  the  result  by  spherical  trigonometr}*. 

Note. — By  this  method  of  computation,  an  error  of  one  degree  in  the 
latitude  by  account,  in  places  within  the  tropics,  will  produce  Utile  or 
no  effect  on  the  latitude  resulting  from  calculation :  thus,  if  the  htftiuk 
by  account  be  assumed  at  7'?0',  or  at  OfO',  the  resulting  latitude,  or 
that  deduced  from  computation^  will  not  differ  more, than  one  minute 
from  the  truth  ;  and  the  same  result  would  be  obtained,  if  the  altitude 
were  observed  at  the  distance  of  an  hour  from- noon  :  provided,  always 
that  the  measure  of  the  interval  from  noon  be  very  correctly  knowi. 
But  I  have  to  observe,  that  this  method  will  not  answer  in  placet  to 
the  northward  of  the  Tropic  of  Cancer,  or  to  the  southward  of  the 
Tropic  of  Capricorn. 


Problem  XIII. 

Given  the  Longitude  of  a  Place^  the  Sun's  Declination  and  Semidkani' 
ter,  mid  the  Interval  of  Time  between  the  Instants  of  his  Limbs  being 
in  the  Horizon  ;  to  find  the  Latitude  of  that  Place. 

Rule. 

Reduce  the  mean  time^  per  watch,  of  the  rising  or  aettiog  of  the 
sun's  centre  to  the  corresponding  time  at  Greenwich,  by  Problem  UI.f 
page  342 ;  to  which  time  let  the  sun's  declination  be  reduced,  by  PM- 
blem  XIV.,  page  357. 

To  the  arithmetical  complement  of  the  logarithm  of  the  interval  of 
time^  expressed  in  seconds,  between  the  instants  at  the  sun's  limbs 


• 
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being  in  the  liorizon,  add  the  logarithm  of  the  sun's  semidiameter, 
reduced  to  seconds,  and  the  constant  logarithm  9. 124939  ;*  the  sum  of 
these  three  logarithms,  rejecting  10  in  the  index,  will  be  the  loga- 
rithmic co-sine  of  an  arch.  Now,  to  the  logarithmic  sine  of  the  ^um 
of' this  arch  and  the  sun*s  reduced  declination^  add  the  logarithmic 
siue  of  their  difference ;  then,  half  the  sum  of  these  two  logarithms 
will  be  the  logarithmic  sine  of  the  latitude,  of  the  place  of  observation. 

Example. 

At  sea,  July  13lh,  1836,  in  north  latitude,  and  longitude  120?  west, 
the  sun's  lower  limb,  at  the  time  of  its  setting,  was  observed  to  touch 
the  horizon  at  8*5"!'24?  mean  time,  and  the  upper  limb  at  8t9730! ; 
required  tlie  latitude  of  the  place  of  observation  ? 

Mean  time  of  sun's  centre  setting=8t5r24:+8*9r30f-i-2  =  8^7?27' 
Liongitude  120?  west,  in  time 8.0.  0 


•*«WF" 


Mean  time  at  Greenwich:=    .     *     ........     •  16?7"27! 

—The  sun's  declination  reduce^  to  this  time  is  31  ?42'57''  north. 
Interval  of  time  between  the  setting  of  the  sun's  lower  and 

upper  limbs  is  4T6!|  or  246  seconds  Log.  ar.  comp.  s  •  7*  600065 
Sun's  semidiameter  15 '. 45^4  or  045^4  Logarithm  ...  2. 97561$ 
Constant  logarithm 9.124039 


Arch 59?10'31T  Log.  co-sine=9. 

Sun's  reduced  declination      .     .     21. 42.  57    North. 


\At9\ 


r 


Siim= 80?53:23r  Log.  Blue     .9.994488 

Difference 37.27.34    Log.  sine     .    9.784046 

Sum  =    .     .  19.778534 

Lat.  of  the  place  of  observations:  50M7'58''  Log.  sine     .    9. 889267 

Remark. — In  this  method  of  finding  the  latitude,  it  ii|  indiispensably 
necessary  that  the  interval  of  time  (per  watch)  between  the  instants  of 
the  sun's  lower  and  upper  limbs  touching  the  horizon  be  determined  to 
the  nearest  second;  otherwise  the  latitude  resulting  therefrom  may  be 
subject  to  a  considerable  error,  particularly  in  places  where  the  limbs 
of.  that  object  rise  or  set  in  a  vertical  position  ;  which  is  frequently  the 
case  in  parts  ^vithin  the  tropics. 

*  Tbii  is  tbe  ar.  comp.  of  the  prop.  log.  of  24  faourt,  etteemf  d  m  mfamtes. 
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SOLUTION  OF  PROBLEMS  RELATTTE  TO  MEAN  TDIE,  I 

Timtj  &£  iofnrcd  cirtcslv-  from  ohserratioos  of  tlie  hearmly  bodli< 
i«  denofDinated  either  iipp^rr%t  or  maewm  9t4mr  time^  ^pmrtmi  Hm 
that  vhicfa  15  irdrsetd  from  ui  akitade  of  the  sm  ;  and  mesn  time  fro 
rbe  althnde^  of  iho  moon.  star«.  or  planets.  Memm  timte  arises  finM 
t¥fj^c*e^  v^i/onn  i«iotii>:i  of  the  »ua :  hence,  a  mean  solar  dav  ?s  alwi 
uf  tLc  same  detenuinite  letizth  :  but  the  meA»ure  of  an  apparent  d 
i»  erer  Tan^ble, — beine  kni^r  at  one  time  of  the  year,  and  shorter 
another,  than  a  mean  day  ;  the  instant  of  apparent  noon  vill,  thcfcfa 
•'juietime*  precede,  and  at  other  times  foUov,  that  of  mean  dm 
Tlie  difference  of  thoe^e  instants  U  called  the  eymmiwm  of  /tsie^  whi 
r*{tatioH  \-i  ex  proved  by  the  difference  between  the  smii^s  true  rig 
a»ccnBioii  and  hU  mean  longitude,  corrected  by  the  equation  of  t 
equinoxes  in  right  ascen»iuu.  and  converted  into  time  at  the  rate  of 
minute  to  every  I '>  minutes  of  motion.  &c.  &c.  The  equation  of  tii 
is  ahra}  s  equal  tu  the  difference  betweeu  the  times  shown  by  an  unifin 
or  equable-going  dock;  aud  a  true  sun- dial. 

The  h\i\\\  motion  in  the  ecliptic  is  constantly  rarying^,  and  so  u  1 
motion  in  right  ascenrion  :  but  since  the  latter  is  rendered  further  n 
ec|iuil,  on  account  of  the  obliquity  of  the  ecliptic  to  the  equator, 
hence  foUoirs  that  the  intervals  of  the  sun*s  return  to  the  same  m 
ridian  become  unequal,  and  that  he  will  gradually  come  to  the  meridt 
of  the  ^ame  place  too  late,  or  too  early,  ever}'  day,  for  an  unifm 
motion,  s^uch  va  that  sho^ni  by  an  equable-going  watch  or  clock. 

It  is  this  retardation  or  acceleration  of  the  sun*s  coming  to  the  m 
ridian  of  the  same  place,  that  is  called  the  equation  of  time;  whi 
implies  a  correction  that  is  additive  to,  or  subtractive  from^  the  afp 
rent  tvne,  in  order  to  reduce  it  to  equable  or  mean  time ;  and  rtce  ren 
which  is  subtractive  from,  or  additive  to,  the  mean  time  in  order  to  r 
duce  it  to  apparent  time.  But,  as  this  essentially  useful  element  h 
been  particularly  treated  of  in  the  Explanatorj'  Articles  between  pag 
309  and  316 ;  the  reader  is,  therefore,  requested  to  refer  to  those  page 
where  be  will  find  all  the  information  that  he  can  desire  rekitive  to  l 
equation  of  ihne. 

The  young  navigator  will  please  to  bear  in  mind,  that  the  equatic 
of  time  relating  to  nautical  operations  (like  the  sun's  declination), 
that  which  in  contained  in  page  II.  of   the  month  in  the  Nautic 
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Almanac  : — but,  since  it  is  calculated  for  the  meridian  of  Greenwich, 
and /or  noon^  k  correctiony  therefore,  becomei  necessary  in  order  to 
reduce  it  to  a  given  time  under  any  other  meridian. — ^The  customary 
method  of  finding  this  correction  is  pointed  out  in  Problem  XIV.,  page 
357 ;  but,  since  the  rule  given  in  that  problem  is  only  calculated  to 
answer  the  ordinary  purposes  of  navigation,  viz.,  for  showing  the 
reduction  of  the  equation  to  the  nearest  second,  therefore,  when  a  more 
rigid  degree  of  exactness  is  called  for,  which  is  always  the  case  when 
the  equation  of  time  is  required  for  the  important  purpose  of  esta- 
blishing t/ie  erro}'  and  the  rate  of  a  chronometer,  the  following  mode  of 
computation  is  to  be  adopted,  by  means  of  which  that  clement  may  be 
readily  reduced  to  any  given  time  under  a  kuown  meridian,  to  the 
sixtieth  part  of  a  second. 

Rule. 

Reduce  the  mean  time  at  ship  to  the  meridian  of  Greenwich,  by 
Problem  III.,  page  342.  Take  from  page  II.  of  the  month  in  the 
Ephemeris,  tlie  equation  of  time  for  the  noon  preceding  the  Greenwich 
time  ;  multiply  the  decimals  by  6;.  cut  off  the  right-hand figure  of  the 
product,  and  they  will  be  converted  into  tidrds  .-—hence,  the  equation  of 
time  at  noon  will  be  expressed  in  minutes,  seconds,  and  thirds. 

Find  the  daily  difference  of  the  equation  for  the  noons  immediately 
preceding  and  following  the  Greenwich  time :  multiply  the  decimals 
in  the  difference  by  6  ;  cut  off  the  right-hand  figure  of  the  product,  and 
they  will  be  converted  into  thirds  : — hence,  the  daily  difference  of  the 
equation  will  be  expressed  in  seconds  and  thirds. 

Now,  ta  the  proportional  logarithm  of  these  seconds  and  thirds 
(esteemed  as  minutes  and  seconds),  add  the  prop,  logarithm  of  the 
Greenwich  time  (reckoning  the  hours  as  minutes,  and  the  minutes  as 
seconds),  and  the  constant  logarithm  9.  1249;  the  sum,  abating  10  in 
the  index,  will  be  the  prop,  logarithm  of  a  correction  in  minutes  and 
seconds,  to  be  considered  as  seconds  and  thirds,  and  which,  being  ap- 
plied to  the  equation  at  noon  by  addition  or  subtraction,  according 
as  it  may  be  increasing  or  decreasing,  the  result  will  be  the  correct 
equation  of  time  at  the  given  meridian. 

Example, 

January  1st,  183&,  at  3?5?10'  mean  time,  in  longitude  54?40' 
west ;  required  the  correct  equation  of  time  ? 


C.VI,   .UTHUWOllV. 


Eqiiattun    iit    tiuou, 

January  l»t=:      .     .    3:34t91 
UitUi  (liltu,  Jail,  'iiid  =    4.   3. 25 


Daily  differeiici:  =   . 
Multijil)'  decimals  by 


Mean  time  s    .     .     .    3*  q'.I 
Longitude  64^40:  wmt 
ill  time  =        .     ,     -1-3.38.4 


Grcruwicb  time  = 


'J8!20f  4    Proy.  logarithm  = 
6*43^50;  Prop,  logarithm  = 


DhiIv  ilif.  of  einiK.  = 
Grecinvitli  time  = 
('oiiBtulit  logarithm  = 

Correction  »f  equation  =   .     .     .     .     +  7'd7>   Prop.  log.  : 
]<^|uatioii  of  tiniv  at  noon  3:vl4:!>l  =  3.34.54.6 


.  Corrt'ct  equiiliun  uf  time  =  .     .     .     3T4'2'5I  !ti,  as  required. 

Hence  it  :h  nianirotit  that,  by  the  above  nile,  the  equation  of  tii 
may  He  readily  reduced  to  any  given  time  under  a  knavn  mcridiaOj 
the  most  rif^id  d^^e  of  astnmomical  exactnef<«. 


Prorlicm  1. 

Oiveu  the  LalHmU  aud  I^ngitwte  of  a  Ship,  w  plaee,  and  the  OUtn 

Allitwie  of  the  Shh'k  Lower  Limb ;  to  find  the  Hovr  Angle  tff  ti 

object  {riz.,  il»  Horartj  Distance  from  the  Meridian),  the  Mean  7Vi 

and  the  Error  of  the  If'tifrit  uted  in  noting  the  time  of  obserratio*. 

Before  entering  npon  the  solution  of  this  exceedingly  nHcful  pi 

hlein,  it  may  not  be  ugnecessnry  to  give  a  concise  illiistmtion  of  I 

spherical  principles  uiion  which  it  is  founded,  as  thus  :— 

III  the  aiiiiexcil  diagram 
(projected  stcrec^rapbically 
upon  the  plane  of  the  meri- 
dian),let  the  primitive  circle 
ZIIPsO  represent  the  plane 
of  the  meridian  of  the  place 
of  observation  ;  S  P  the 
earth's  axis;  K  Qtlic  equa- 
tor ;  no  the  horizon ;  and 
Z  N  the  prime  vertical,  in 
which  Z  represents  the  ze- 
nith. Let  the  small  circledd 
represent  the  parallel  of  the 
object's  altitude,  and  b  b  the 
parallel  of  its  declination. 
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The  intersection  of  tliose  small  circles  in  d  ,  shows  the  object's 
place  in  the  heavens  at  the  time  of  observation.  Draw  the  oblique 
circles  S  d  P,  and  Z  D  N,  the  first  of  which  is  the  object's  circle  of 
right  ascension,  and  the  other  its  azimuth,  or  circle  of  altitude.  Now, 
in  the  oblique  angled  spherical  triangle  Z  3>  S,  the  three  sides  are  given 
to  find  the  hour  angle  Z  S  d  ,  viz.,  the  side  S  Z  =  the  co-latitude  of 
the  place  of  observation  ;  the  side  S  D  =  the  object's  polar  distance, 
and  the  side  })  Z  =  its  co-altitude,  or  zenith  distance ;  to  find  the 
object's  distance  from  the  meridian  expressed  by  the  angle  at  S  : — 
which  angle  is  to  be  found  by  spherical  trigonometry,  Problem  V., 
page  207. 

January  Ist,  1836,  in  latitude  40?27^  north,  and  longitude  54M0' 
west,  at3*5Tl0f  per  watch,  the  mean  of  several  observed  altitudes 
of  the  sun's  lower  limb,  reduced  to  (he  true  central  altitudcy  was 
13?43'57''  ;  required  his  horary  distance  from  the  meridian,  the 
correct  mean  time,  and  the  error  of  the  watch  by  which  the  time  of 
observation  was  noted.* 


Mean  time  per  watch  =    3*  5^10! 
Longitude  54M0:  W., 

in  time  =        .     .     +3.38.40 


Greenwich  time  =;      .    6?43^50r 


Sun's  red.  declina.;=  23*?  2^53^8.* 


Ditto  north   polar 

distance  =       .113?  2:63r 
Reduced  equation  of 

time  a       ...    3?42f62f 


Sun's  zenith  distance,  or  side  Z  ]>  =  76?  16'  SI 

Sun's  polar  distance,  or  side  S  })  =   113.   2. 63  Log.  co-sec.  0. 036128 

Co-latitude,  or  side  Z  S  =        .  ' .     49.33.   0  Log.  co-sec.  0. 118631 

Sum  5=        238^51 :56r 


Half  sum  = 119?25:58'r  Log.  sine     9.939084 

Remainder  =        ...'...      43.   9.55   Log.  sine     9.835123 

Sum= 19.929866 


Hal/ the  hour  angle  Z  S  d  =  22M2^58'/  Log.  co.8ine=    .     9. 964933 

Sun's  horary  distance  =r    .     45?25f 56r=  3*  Ir43f44f  apparent  time. 
Reduced  equation  of  time  =      ....     -f3. 42. 52 

Correct  mean  time  of  observation  =         .    3?5T26!36f 
Time  of  observation  per  watch  =    .     .     .     3. 5. 10.   0 

Error  of  the  watch  =       .     .     .     .     •     .    0*0?  16:36  f  :— Hence  the 
watch  is  16  seconds  and  86  thirdu,  or  16  f  6  $low  for  mean  time. 
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Thus  we  sec  the  principles  upon  which  the  above  astronomical 
problem  is  founded^  and  from  those  principles  a  variety  of  uiethodi 
may  be  deduced  for  computing  the  horary  distances  of  the  heavenly 
bbdies  from  the  meridian,  the  most  practically  useful  of  which  shall 
.be  now  given  for  the  information  of  the  reader,  viz. : 

MlTTHOD   I. 

Of  computing  the  Hour  Angle^  or  Horary  Distance  of  a  Celestial  Objed 

from  the  Meridian. 

Rule. 

If  the  latitude  of  the  ship  or  place,  and  the  declination  of  the  object 
be  of  the  same  name,  iX)?  minus  the  declination;  but  if  of  different 
names,  90?  plus  the  declination  will  express  the  object's  distance  firon 
the  elevated  pole  of  the  heavens,  viz.,  its  polar  distance^ 

Now,  add  together  the  true  altitude  of  the  celestial  object,  its  polar 
distance,  and  the  latitude  of  the  place  of  observation ;  take  half  the 
sum,  and  call  the  difference  between  it  and  the  true  altitude  the  r^ 
maindcr. 

Then,  to  the  log.  co-secant  of  the  polar  distance,  add  the  log.  secant 
of  the  latitude,  the  log.  co-sine  of  the  half  sum,  the  log.  sine  of  the 
remainder  J  and  the  constant  logarithm  0.  301030 :  the  sum  of  these 
5  terms,  abating  20  in  the  index,  will  be  the  log.  rising  (Table  XXXII.) 
answering  to  the  given  celestial  object's  distance  from  the  meridian, 
which,  in  case  of  the  sun^  will  be  the  interval  between  the  moment  of 
observation  and  noon  in  apparefit  time. 

Example, 

Let  the  latitude  of  a  ship,  or  place,  be  40?27'  north  ;  the  true  alti- 
tude of  a  heavenly  body   13?J3:57^,  and  its  declination  23?2!53r 
south  ;  required  its  horary  distance  from  the  meridian  ? 
True  altit.  of  the  celestial  object  =  13?43 !  57'' 

Polar  distance  of  ditto  =    .     .     .113.   2.53  Log.  co-see.  0.036128* 
Latitude  of  the  ship  =       .     .     .     40.27.    0  Log.  secant  0.  118631* 

Sum=s        167?13:50'/Const.  log.    6.301080 

Half  sum  = a3?36:55rLog.corsine  9.046120 

Remainder  =       69.  52.  58  Log.  sine     .  9. 972661 

Object's  meridian  distance  =     .        3i    lr44!Log.  rising  5.47457,0 

*Tbe  lO'MHMbare  rejected  fiom  the  indices  of  the  log.  co-secaiit,  and  log.  secuits 
and,  with  the  view  of  facilitating  the  future  operations  in  this  work,  the  sane  plan  will  be 
pursued  in  all  the  computations  that  involve  those  logarithmical  expressions. 


OP  PINDfNQ  THE  HORARY  DI»TANC£^  AND  THE  MfiAN  TIME.      431 

Remarks.-^As  there  is  no  variety  in  this  .method^  except  that  which 
simply  relates  to  finding  the  polar  distance  of  the  object,  viz.,  by  adding 
the  declination  to  90?  when  it  is  of  a  name  contrary  to,  or  9tU)tracting 
it  from  90?  when  of  the  same  name  as  the  latitude;  we,  therefore, 
presume  that  another  example  would  be  unnecessary. 

The  young  navigator  will  find  the  above  one  of  the  most  practicable 
methods  that  can  be  employed  for  computing  the  horary  distance  of  a 
heavenly  body,  because  the  meridian  distance  is  obtained  directly  by 
the  plain  addition  of  five  terms  ; — and  thus  it  is  peculiarly  adapted  to 
the  determination  of  the  longitude  at  sea  by  means  of  a  chronometer, 
where  the  nearest  second  will  be  always  sufficiently  exact. 

Since  the  log.  rising,  in  Table  XXXII.,  is  only  computed  to  five 
places  of  decimals,  therefore,  in  taking  out  the  mermian  distance  of  a 
celestial  object  answering  to  a  given  or  calculated  log.  rising,  the  sixth 
or  right'hand figure  of  such  given  log.  rising  is  to  be  rejected  ;  observ- 
ing, however,  to  increase  the  fifth  or  preceding  figure  by  unity  or  1,- 
tvhen  the  figure  so  rejected  amounts  to  5  or  upwards : — In  the  above 
example  had  the  0,  or  right-  hand  figure,  which  is  struck  off  by  a  dot, 
been  a  5,  a  6,  a  7?  &c.,  then  the  log.  rising  would  be  5. 47458,  and 
so  on. 


Method  II. 

Of  computing  the  Hour  Angle,  or  Horary  Distance  of  a  Celestial  Object 

from  the  Meridian. 

Rule. 

If  the  latitude  of  the  place  of  observation  and  the  declination  of  the 
given  celestial  object  are  of  contrary  names,  let  their  sum  be  taken,—- 
otherwise,  their  dij^erencey-^and  the  meridional  zenith  distance  of  the 
object  will  be  obtained  ;  the  natural  versed  sine  of  which,  being  sub- 
tracted from  the  natural  co- versed  sine  of  the  objedt's  true  altitude,  will 
leave  a  remainder.  Now,  to  the  logarithm  of  this  remainder  add  the  log. 
secants  of  the  latitude  and  the  declination,  and  the  sum  will  be  the  log. 
rising  of  the  object's  horary  distance  from  the  meridian ;  which,  in  case 
of  the  sun,  will  be  the  correct  interval  between  the  moment  of  obser- 
vation and  noon  in  apparent  time. 

Example. 

Let  the  latitude  of  the  ship  be  49?  13'  south  ;  the  true  altitude  of  a 
heavenly  body  22'^38il7%  and  its  declination  17?15:5r  south;  re- 
quired  its  horary  distance  from  the  meridian  ? 
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Latitude  of  the  ship  =z       .    49?  13'  OrS.      .    Log.  secant  0. 184064 
Declination  of  the  object  =    17*  15.    6  8.  Log.  secftnt  0.019901 

Object'8  nierid.  xenith  flist.=31?57^55TN.  v.  sine  151631 
Object's  true  altitude  =     .    22.  :)8. 17X*co-v.sine  615091 

Remainder^       463460  L.  5. 666012 


Object's  meridian  distance  =      .     .     5?0'!'25f  Log.  rising  5.87095,7 

Note, — Because  the  latitude  and  the  declination  are  of  the  $ame  de- 
nominatioti;  their  difference  is  taken  ;  had  they  been  of  contrary  deno- 
nnnations,  their  sum  would  hare  been  taken,  as  stated  in  the  first  part 
of  the  Rule. 


Method  III. 

0/  computirtg  the  Hour  Angle,  or  Horary  Distance  of  a  Celestial  Olgeci 

from  the  Meridian. 

UlTLE. 

If  the  latitude  of  the  place  of  obacr^'ation  and  the  declination  of  the 
given  celestial  object  are  of  contrary  names,  let  their  sum  be  taken,— 
otherwise,  their  difference, — and  the  meridional  zenith  distance  of  the 
object  will  be  obtained ;  from  the  natursil  co-sine  of  which,  subtract 
the  natural  sine  of  the  object's  true  altitude,  and  to  the  logarithm  of 
tho  remainder  add  the  log.  secants  of  the  latitude  and  the  declination; 
and  the  sum  will  be  the  log.  risinj  of  the  object's  horary  distance 
from  the  meridian  : — which,  in  csise  of  the  stm,  will  be  the  appm*enitme 
from  noon. 

Example. 

Let  the  latitude  of  the  ship  or  place  be  39f47'  south;  the  true 
altitude  of  a  heavenly  body  13:9:53r,  and  its  declination  22?54:42^ 
north  ;  required  its  horary  distance  from  the  meridian  ? 

Latitude  of  the  ship  =     .    39?47:  O^'S.        .    Log.  secant  0. 114373 
Declination  of  the  object  =  22. 54. 42  N.       .     Log.  secant  O.O35690 

Object's  merid.zenith  dist.=62:41M2'/N.co-sine=468727 
Object's  true  altitude  =     .13.   9. 53  Nat.  sine  =  227751 

Remaitider  =       230976.L.5. 363567 

Object's  meridian  distance  7=     •    3M0T35f  Log.  rising  a  5.51368|0 
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Nate. — Since  the  latitude  and  the  declination  are  of  different  names 
their  mm  is  taken ;  had  they  been  of  the  same  name  their  difference 
would  have  been  taken  ;  as  stated  in  the  first  part  of  the  Rule.* 


Method  IV. 

Of  congmtkig  the  Hour  Angle^  or  Horary  Distance  of  a  Celestial  Ofy'ect 

from  the  Meridian. 

Rule. 

If  the  latitude  of  the  place  of  observation  and  the  declination  of  the 
celestial  object  be  of  contrary  names^  let  their  sum  be  taken, — other- 
wise, their  difference, — and  the  meridional  zenith  distance  of  the  object 
will  be  obtained  j  to  which  apply  its  observed  zenith  distance,  by  addi- 
tion and  subtraction,  and  let  half  the  sum  and  h^f  the  difference  be 
taken ;  then. 

To  the  log.  secant  of  the  latitude  add  the  log.  secant  of  the  declina- 
tion, the  log.  sine  of  the  half  sum,  the  log.  sine  of  the  half  diiBTerence, 
and  the  constant  logarithm  6. 301030;  the  sum  of  these  five  logarithms, 
abating  20  in  the  index,  will  be  the  log.  rising  of  the  object's  horary 
distance  from  the  meridian — which,  in  case  of  the  sun,  will  be  the 
interval  from  nooji  in  apparent  time. 

Example. 

Let  the  latitude  of  the  ship  or  place  be  37?20C  south  f  the  true 
altitude  of  a  heavenly  body  26?49'.58r,  and  its  declination  19?58'26r 
south ;  required  its  horary  distance  from  the  meridian  ? 

Lat.  of  the  ship  =  37?20:  OV  S Log.  secant  0.099667 

Dec.  of  the  object  19: 58. 26    S Log.  secant  0. 026942 


Obj.mer.zen.dist.  17?21(34';  ^     ^.         ^  qa,aqa 

Observedzen.dist.  63. 10.   2  Const  log.    6.301030 


Sums  ....  80?31'36'rHalf=r40?15:48?  Log. sine     9.810436 
Difference  ...  46. 48. 28  Half  =22. 64. 14    Log.  sine      9. 690168 


Object's  meridian  distance    .     .     .     4M3T42f   Log.rising  6.82813,2 

Note, — ^The  difference  between  the  latitude  and  the  declination  is 
taken  because  these  eleuients  are  of  the  same  name  ;  had  they  been  of 
contrary  denominations  their  sum  would  have  been  taken^  as  stated  in 
the  first  part  of  the  Rule. 
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Method  V. 

Of  computing  the  Hour  Angle  or  Horary  Distance  of  a  Cele$iial  0^ 

from  the  Meridian. 

RULB. 

If  the  latitude  of  the  ship  and  the  declination  of  the  object  be  of  the  . 
same  name,  90?  minus  the  declination ;  but,  if  of  contrary  names,  90? 
plus  the  declination,  will  be  its  polar  distance. 

Now,  add  together  the  true  altitude  of  the  celestial  object ;  its  polar' 
distance,  and  the  latitude  of  the  place  of  obsenration  ;  take  half  (he 
sum,  and  call  the  difference  between  it  and  the  true  altitude  the  re- 
mainder. 

Then,  to  the  log.  co-secant  of  the  polar  distance,  add  the  log.  secant 
of  the  latitude,  the  log.  co^sine  of  the  half  sum,  and  the  log.  si^ie  of 
the  remainder :  half  the  sum  of  these  four  logarithms  will  be  the  log. 
sine  of  an  arch ;  which  being  doubled  and  converted  into  time,  by 
Problem  1.,  page  341,  the  result  will  be  the  object's  horary  distance 
from  the  meridian  to  the  most  rigid  degree  of  exactness. 

Example. 

Let  the  latitude  of  the  place  be  40? 2/ ^30^'  south;  the  true  altitude 
of  a  heavenly  body  31?55'23r,  and  its-  declination  20?49f3r  south} 
required  its  horary  distance  from  the  meridian  ? 
True  alt.  of  the  celestial  object  31?65'23r    - 

Polar  distance  of  ditto    .     .     .69.10.57    Log.  co-secant .  0. 029319 
Latitude  of  the  place     .     .     .40.27-30    Log.  secant  .     .  0.118665 

Sum= 141?33'50r     . 

Half  sum 70M6'55'r  Log.  co-sine      .  9.517413 

Remainder 38.51.32    Log  sine     .     .    9.7975<r 

Sum  =  .     .     .  19.462964 
Arch= 32.36.24    Log.  sine  :;=.     .    9.731483 

Hour  angle  =      ....     .  65?  12:48^  =  4*20r51f  121  j  which  is 
the  correct  horary  distance  of  the  object  from  the  meridian. 


OP   PIVDINCI  THl   MfiAfV  TflTt^   &C.  4M 

Note.^^In  fltidinj(  the  etr&t  of  a  chfonometer,  the  aborcJ  1b  the 
methBd  of  calculation  that  shonld  be  adopted ;  because  it  is  so  Arranged 
that  the  horary  distance  of  an  object  from  the  meridian  may  be  accu^ 
raiely  determined  to  the  iwiieth  pari  of  a  iecond^  or  to  a  moreTigid 
degree  of  exactness  if  necessary  t-^whereas,  the  preceding  modes  of 
computation  are  only  properly  adapted  for  showing  the  horary  dis- 
tance of  a  heavenly  body  to  the  nearest  second  of  time;  those  being 
mainly  designed  for  the  purpose  of  expediting  the  operation  for  finding 
the  longitude  at  sea^  by  a  comparison  of  the  Greenwich  time  indicated 
by  a  chi'onometer^  or  deduced  from  a  lunar  observation ;  because^  on 
the  ocean  the  difference  of  a  second  in  the  mean  time  of  observation^ 
citfinot  sensibly  affect  the  place  of  a  ship. 


_  ^ 

Problem  II. 

Given  the  Latitude  and  Lonffiiude  of  a  Shipy  and  the  Observed  Attitude 
of  the  Sun's  Lower  Limb;  to  find  the  Mean  Time  of  Observation,  and 
the  Error  of  the  Watch. 

Rule. 

Reduce  the  time  of  observation^  per  watchy  to  the  tneridiati  of  Green- 
wich, by  Problem  III.,  page  342 : — to  which  let  the  sun's  decllnatioh 
be  reduced  by  Problem  XIV.,  page  357 ;  and  the  equation  of  time  by  . 
the  Rule,  in  page  427.  Reduce  the  observed  altitude  of  thcsuh'si 
lower  limb  to  the  true  central  altitude,  by  Problem  XXIII.,  page  374  > 
— then. 

With  the  latitude  of  the  place  of  observation,  the  sun's  reduced 
declination,  and  his  true  central  altitude,  compute  the  horary  distance 
from  the  meridian,  by  any  of  the  Methods  given  in  the  last  Problem 
between  pages  430  and  434. — Now,  if  the  observation  be  made  in  the 
afternoon,  the  horary  distance,  thus  found,  will  directly  express  the 
apparent  time  ;  but,  if  it  be  made  in  the  forenoon,  24  hours  diminished 
by  the  horary  distance  will  be  the  apparent  time  past  the  preceding  noon. 
To  the,  apparent  time  apply  the  reduced  equation  of  time,  as  directed 
in  Problem  XIX.,  page  369;  and  the  result  will  be  the  mean  time  of 
observation  :  the  difference  between  which  and  the  time  indicated  by 
the  watch,  will  be  the  error  of  the  latter ;  which  error  will  he  fast  for 
mean  time  when  the  time  per  watch  is  the  greatest ;  otherwise,  it  will 
be  slow  for  mean  time. 

For  the  principles  of  the  above  Problem,  see  page  428. 
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Remark. — In  practice^  it  becomes  indispensably  necessary  to  take 
several  altitudes  of  the  sun,  or  of  the  heavenly  body  decided  on  &r 
observation,  and  to  note  the  corresponding  times  by  a  watch  that  showi 
seconds :  then,  the  mean  of  the  altitudes  divided  by  their  sum,  gifci 
the  mean  altitude  \  and  the  sum  of  the  times,  so  divided^  gi^c*  the 
mean  time. 

Example. 

January  20th,  1836,  in  latitude  37^20'  south,  and  longitude 
49?45'  east,  the  following  altitudes  of  the  sun's  lower  limb  were  ob« 
served :  the  height  of  the  eye  above  the  level  of  the  horizon  being  16 
feet,  and  the  index  error  of  the  sextant  V.XQ".  suhtractivt ;  required 
the  correct  mean  time  of  observation,  and  the  error  of  the  watch  ? 


Timeof  ob.perwatch  19*  10:25  \ 
Ditto     .     .     .     .19.11.10 
Ditto     .     .     .     .19.11.55 
Ditto     .     .     .     .19.12.40 
Ditto     .     .     •     .19.13.25 


Alt.  ©'slower limb  =s 

Ditto 

Ditto 

Ditto 

Ditto 


Sum=     .95*59r35! 


Mn.  time  per  watch  19*  1 1 T56  \ 
Lon.49?45'E.in/t.    3.19.   0 


23?  19' 10" 
23.28.  0 
23.36.50 
23.45.40 
23.54.30 


Sum= .    .118?  4aor 


Greenwich  time  =    15.52T55 


O's  dec.  at  noon     .  20?  16:  3rS. 
Cor.  for  15*52755!      -8.35. 


O's  reduced  dec.  =  20?  7 -28^8. 


Mean  altitude 
Index  error 


.     .    23?36^5D? 
-  1.10 


Observed  altitude  =   .  23?35:40r 
©'s8e..d.l6M6r-) 
Dipofhor.3.50  jI^if-= +12.26 


Equation  of  time  at 

noonllTlO?94=llriO?56!4       Refrac.  =  2:9njj.j^ 
Cor.  for  15*52T55f         1 1 .  44  _  |  Parallax    .      8r/       ' 


Apparent  altitude  .     .  23?48:  6' 

1 


Red.  equa. of  times  Ilr22f40f-  1  q's  true  central  alt.=  23?46r  5r 
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To  find  the  Mean  Time  and  the  Error  of  the  Watch. 
Sun's  true  central  altitude     .  23?46C  5r 

Sun's  south  polar  distance     .  69.52.32    Log.  co-secant. =  0.027358 
Latitude  of  the  place  .     .     .37.20.   0    Log.  secant   .     .0.099567 


Sum  =      .     .     .     130?58'37''  Constant  Log.     .  6.301030 


Half  sum      .     .     .  65?29M8§  Log.  co-sine   .     .9.617919 
Remainder    .     .     .  41.43. 13§  Log.  sine   .     .     .9.823145 


Sun's  horary  dist.  from  the  meridian=4*  59'!'38 !  Log  rising  =5. 86901 ,9 

Apparent  time  of  observation     .     .  19*  0?22f 
Red.  equa.  of  time=llT22!40;  or     +11.23 


Correct  mean  time  of  observation  =  19*  ll?45f 
Time  of  observation  per  watch      .  19. 11. 55 

Difference,  or  error  of  the  watch  =  0?  OTlOf     Hence,  the  watch  is 
10  seconds y*a«/  for  mean  time. 

Remark, — When  the  altitudes  of  a  heavenly  body  are  taken  for  the 
purpose  of  regulating  a  watch  or  chronometer,  the  object  made  choice 
of  for  observation  ought  not  to^  be  nearer  to  the  meridian  than  2  hours, 
or  30  degrees  :— and,  in  all  cases,  the  farther  it  is  from  the  meridian^ 
and  the  nearer  it  is  to  the  east  or  the  west  points  of  the  horizon,  the 
more  correct  will  be  the  result ;  because,  then,  the  change  of  altitude 
is  the  quickest ;  and  the  error  of  a  mile  or  two  in  the  latitude  will  not 
sensibly  affect  the  hour  angle  or  meridian  distance  : — ^provided,  always, 
that  the  celestial  object  be  not  less  than  4  or  5  degrees  above  the 
horizon  ;  so  as  to  guard  against  the  uncertainty  of  the  atmospherical 
refraction  on  small  angles  of  altitude.  But,  this  point  shall  be  more 
fully  defined  in  a  subsequent  page. 


Problem  III. 

Given  the  Latitude  and  Longitude  of  a  Ship,  and  the  observed  Altitude 
of  the  Moon's  Lower  or  Uppei^  Limb;  to  find  the  Mean  Time  of  Obser^ 
vation  and  the  Error  of  the  Watch  used  in  noting  the  time. 

Rule. 
Reduce  the  time  of   observation,  per  watch,  to  the  meridian  of 
Greenwich,  by  Problem  IIL,  page  342 :  to  which  time  let  the  mean 
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sun's  right  ascension  be  reduced  by  Problem  V.,  page  844.*  Let  tk 
moon's  semidiameter  and  horizontal  parallax  be  reduced  to  the 
time  by  Problem  XV.,  page  361  ;  and  her  right  aacention  and 
tion  by  Problem  XVI.,  page  364  :  and  let  the  ob9erved  altitude  of  hier 
limb  be  reduced  to  the  true  central  altitude  by  Problem  XXIY.,  page 
376 :— then, 

With  the  latitude  of  the  place  of  observation,  the  moon's  reduced 
declination,  and  her  true  central  altitude,  compute  her  horary  distance 
from  the  meridian  by  any  of  the  Methods  given  in  Problem  I.,  between 
pages  430  and  434.  Now,  from  the  horary  distance  thus  found|  the 
mean  time  is  to  be  deduced  agreeably  to  the  latter  part  of  the  Rule  to 
Problem  XX. ^  psige  370  :  th^  difference  between  which  and  the  time  of 
observation  per  watch,  will  bo  the  error  of  the  latter  $  which  will  be 
fast  for  mean  time  when  the  time  indicated  by  the  watch  is  the  yreat- 
est ;  otherwise,  it  will  be  slow  for  mean  time. 

See  Reindrky  page  437. 

Example, 

January  3rd,  1R36,  in  latitude  50?10'  north,  and  longitude  60f  weat, 
the  mean  of  several  observed  altitudes  of  the  moon's  lower  limb,  eart 
of  the  meridian,  was  35?47-2K,  and  that  of  the  corresponding  times, 
per  watch,  7 -49^30!  :  the  height  of  the  eye  above  the  level  of  the  sea 
was  17  feet,  and  the  index  error  of  the  sextant  0'45'f  additive;  required 
the  correct  mean  time,  and  the  error  of  the  watch  ? 


TI.  of  obs.  per  watch        7  \  49r30 '. 
Long.60?W.,intime  +  4.   0.   0 


Greenwich  time  1 1  *  49r30 ! 


]> 's  red,  semidlam.cx     H'IST 
AugnTenta.,TabJV.«:  -f-9 


Mn,  sun's  R.A.at  n.  18*48r36!  16 
Cor.  for  11*49-30!    .  -f-1.56.55 


]) 's  true  semidiam.as     ]4'24? 

3)  *s  red.  hor.  paral.=     54 '26^ 
D  's  reduced  R.  A.  =  6*64738! 

•   D 's  reduced  dec.   =26?26:32rN. 


Mn,  sun's  red.  R;A.18*50?32!71 

The  observed  altitude  of  the  moon's  lower  lunb  is  35?47*21'f  i  let 
this  be  corrected  for  index  error,  and  then,  properly  redacedj  and  it 
will  give  36?41 '  17''  for  the  true  altitude. 


*  8eo  Artido  37,  ptg«  313,  relative  to  tb^  mun  iQn'i  right  aKeailon. 
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To  find  the  mean  time  and  the  errof  of  the  watch  by  Method  II., 
page  431. 

Lat.  of  the  ship  .  50?  10^  OVN Log.  secant  0.  193442 

]> 's  reduced  dec.  26. 26. 32    N Log.  secant  0.04/991 


D  'smer.  zen.  dist.  23?43:28r  Nat.  ver.  sine  084609 
D  's  true  cent.  alt.  36. 41.17    Nat.  co-v.  sine  402542 


Remahider=  .     .     .     .  318083  Log. =5. 5024/2 


D  's  liorary  dist.  east  of  the  nier.  .     4!  14T 1 1 '  Log.  rising  =5. 74390^5 
D  's  reduced  right  ascension    •     .     6. 54. 38 


Right  ascension  of  the  meridian  =    2  *  40T27  • 

Mean  sun's  reduced  R.  A.       .     .  18. 50. 33,  to  the  nearest  sscond, 


Correct  mean  time  of  observation    7*49T54f 
Time  of  observation  per  watch     .     7-  49. 30 


Difference,  or  error  of  thewatch=    0?  0T24f :  hence,  the  watch  is  24 
seconds  slow  for  mean  time. 

Note, — Since  the  moon's  right  ascension  and  declination  are  now 
given  in  the  Nautical  Almanac  for  every  hour,  the  mean  time  can  be 
deduced  with  nearly  as  much  precision  from  her  true  central  altitude 
as  from  that  of  the  sun's. 


Problem  IV. 

Given  the  Latitude  and  Longitude  of  a  Ship,  and  the  Observed  Altitude 
qfa  Planet's  Centre;  to  find  the  Mean  T%me  of  Observation,  and  the 
Error  of  the  Watch. 

Rule. 

Reduce  the  time  of  observation,  per  watch,  to  the  meridian  of  Oreea- 
wich,  by  Problem  III.,  page  342,  to  which  let  the  mean  sun's  right 
ascension  be  reduced  by  Problem  V.,  page  344  ;*  and  also  the  geoeen* 


*  See  Article  37,  page  313,  relaUng  to  the  meM  sun's  right  ascension. 


440 


NAUTICAL  ASTRONOMY. 


trie  right  ascension  and  deelination  of  the  planet,  by  ProUem  XYH, 
page  366.  Reduce  the  observed  altitude  of  the  planet  to  its  tx« 
central  dtitude  by  Problem  XXV.,  page  377- 

Then,  with  the  latitude  of  the  ship,  or  place,  the  planet's  redoeri 
declination,  and  its  true  central  altitude,  compute  its  horary  distanee 
from  the  meridian  by  any  of  the  Methods  given  in  Problem  I.,betweeo 
pages  430  and  434.  Now,  from  the  horary  distance,  thus  fonnd,  the 
mean  time  is  to  be  deduced  in  conformity  with  the  laiier  fori  of  the 
Rule  to  Problem  XX.,  page  3/0 ;  the  difference  between  which  and 
the  time  of  observation,  per  watch,  will  be  the  error  of  the  latter, 
which  will  be  foBt  for  mean  time  when  the  time  shown  by  the  wiftcli 
is  the  greatest ;  otherwise,  it  will  be  A(ao  for  mean  time. 

See  Remark^  page  437. 


Example. 

July  3rd,  1836,  in  latitude  34M5:  south,  and  longitude  80?30!  east, 
the  mean  of  several  altitudes  of  the  centre  of  Venus,  west  of  the  meri- 
dian, was  17'?48'36T,  and  that  of  the  corresponding  times,  per  watch, 
6*43T25f :  the  height  of  the  eye  above  the  level  of  the  horizon  was 
18  feet,  and  the  index  error  of  the  sextant  0'30T  subtractive;  requirecl 
the  correct  mean  time  of  observation,  and  the  error  of  the  watch  ? 


Time  of    observ.  per 

watch  =  .     .     .     .     5M3r25! 
Long.  80?30C  east,  in 

time  =     ....     5. 22.   0 


Greenwich  time  =     .    0!21 725 ! 


Venus's  hor.  parallax  =  .  24T 
Ditto  red.  R.  A.  =  8*52T44! 
Ditto  red.  declin.=    16?  3:  8rN. 

Mean   sun's  R.  A.  at 

noon  =      .     .     .     6*46r  9!35 
Correc.  for  21  r25  f  =       +     3. 52 


ilfcflw  sun'sred.R.A.=6M6Tl2f87 


The  observed  central  altitude  of  Venus  was  17?48:36r  ;  let  this  be 
corrected  for  index  error,  and  then  properly  reduced,  and  it  will  give 
17f  11  '53'/  for  the  true  central  altitude  of  that  planet. 


To  find  the  mean  time,  and  the  error  of  the  watch,  by  Method  III., 
page  432. 
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liatitude  of  the  ships  34?45'  Or  S.     .     .     .    Log.  secant  0.066315 
Venue's  declination  ss  16.   3.   8  N.     .    .•     •    Log.  secant  0.017272 


Venus's  mer.  zen.  dist.  50?48:  8f  Nat.  co-sine  631999 
Yenus^struecentral  alt.  17^  4 1  •  53    Nat.  sine  .    30400L 


Remainders 327998  Log.  5.515872 


Venus's  horary  dist.^tpest  of  the  merid.  3*36"54!  Log.  rising  5. 61845^9 
Yenus's  reduced  right  ascensioa=       8. 52. 44 


Right  ascension  of  the  meridian  =     12729T38! 

Mean  sun's  reduced  right  ascensions  6. 46. 13^  to  the  nearest  second. 


Correct  mean  time 'of  observation  s  5?43*25f— And,  since  this  is 
exactly  the  same  as  the  time  of  observation  indicated  by  the  watch, 
there  is,  therefore,  no  error  in  this  machine ; — hence  it  shows  the 
true  mean  time. 

Remark. — As  the  parallaxes  of  the  planets  are  now  given  in  the 
£phemeris,  the  mean  time  may  be  deduced  from  their  altitudes  to  a 
very  great  degree  of  exactness,  provided  the  longitude  of  the  place  of 
observation  be  known  within  a  few  miles  of  the  truth,  or  that  there  be 
a  chronometer  on  board  to  indicate  the  mean  time  at  Greenwich. 

Should  the  altitude  of  Venus  be  observed  on  shore  by  means  of  an 
artificial  horizon,  it  is  the  lower  limb  of  the  planet  that  should  be  taken. 
See  Articles  64  and  67  in  pages  328  and  329,  and  the  third  paragraph 
in  page  380. 

In  fine  clear  weather  the  altitude  of  Venus  may  frequently  be  taken 
in  the  presence  of  the  sun,  viz.,  in  broad  day-light;  particularly  when 
she  is  drawing  near  her  greatest  elongation,  €tfter  her  inferior  con- 
Junetian. 


Problem  V. 

Given  the  Latitude  and  Longitude  of  a  Ship  or  Place,  and  the  observed 
Altitude  of  a  fixed  Star  ;  to  find  the  Mean  Time  of  Observation  and 
the  Error  of  the  Watch  used  in  noting  the  tithe. 

Rule. 

Reduce  €he  time  of  observation,  per  watch^  to  the  meridian  of  Green- 
-xrich  by  Problem  III.,  page  342 ;  to  which  let  the  mean  sun's  right 
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ascension  be  reduced  by  Problem  V.,  page  344.*  Find  the  tme  aM- 
tude  of  the  star  by  Problem  XXVI.,  page  878;  and  take  its  right 
ascension  and  declination  from  the  Nautical  Almanac^  between  pages 
368  and  407.— Then, 

With  the  latitude  of  the  ship  or  place,  the  star's  true  altitude,  and 
its  declination,  compute  its  honu*y  distance  from  the  meridian  by  any 
of  the  Methods  given  in  Problem  I.  between  pages  430  and  434. 

Now,  from  the  horary  distance,  thus  found,  the  mean  time  is  to  be 
deduced  in  conformity  with  the  latter  part  of  the  Rule  to  Problem 
XX.,  page  370  :— the  difference  between  which  and  the  time  of  obser* 
ration  per  watch,  will  be  the  error  of  the  latter;  which  will  be/kf/  bt 
mean  time,  when  the  time  shown  by  the  watch  is  the  greatest ;  other- 
wise, it  will  be  slow  for  mean  time. 

Example. 

May  Ist,  ia36,  in  latitude  39?20:36r  south,  and  longitude  76?40: 
east,  the  mean  of  several  altitudes  of  Spica  Virginia  was  25?35'.18? 
west  of  the  meridian,  and  that  of  the  corresponding  times,  per  wfltehf 
14^58?49f  ;  the  height  of  the  eye  above  the  surface  of  the  aem  irai 
19  feet,  and  the  index  error  of  the  sextant  1^15^  additive  ;  required 
the  correct  mean  time,  ^nd  the  error  of  the  watch  ? 

See  Remark,  page  437. 


Time  of  observation  per 

watch  =      .     .     .     14*58T49r 
Long.  75°40'    east,  in 

time  =        ...     —5.   2. 40 


Greenwich  time 


.     9*56r  9' 


Mean  sun's  R.  A.  at 

noon=      .     .     .    2t37?46!90 
Cor.  for  9*56r9!  =      +1.37. 


Jf«msun'sred.R.A.s2^89r24!l3 


Right  ascension  of  Spica  Virginis  13*16T35f  and  declination 
10fl8:l9r  south. 

The  observed  altitude  of  the  star  is  25?35'  18^  ;  this  being  corrected 
for  index  error,  and  then  properly  reduced,  gives  25?30'23f  for  the 
true  altitude. 

To  find  the  mean  time,  and  the  erfor  of  the  watch,  by  Method  IT., 
page  433. 


*  See  AfkideS7i  page  313,  relative  to  the  mean  saa't  right  aieensloii. 
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V 

Latitude  of  the  ihipM  80?90^9078.     .    .    Log.  Mcanta    0.111607 
Btte's  declination  «     10. 18. 19  S.      .     .    Log.  ■ecant'"    0.007068 


■*«»«< 


Star'*  mer.  sen.  diat.a  S20?  2Mir  •       •      ,         ^  on,,^^ 

Oli-erved  zen.  dist  m  64. 39. 87  Constant  log.*  6. 301030 


Sum«      ....    g3?3  r.48r  Half s46?45C54?Log.fiine  0.862460 
Differences      .     .    35. 37. 96  Half « 17. 43. 43  Log.  sine  9. 


r.K'.^M 


8Uu-*s  hot.  dist.  we$i  of  the  inerid.ss  4^  21  r27 !  Log.  rlsinga  6. 76576,0 
Star's  right  ascension  =     •     .     .     13.16.35 


mmmmmtm 


lUgbt  ascension  of  the  meridiansil  17^38?  2f 

Mean  sun's  red.  right  ascension  a:    2. 39. 24  rejecting  decimals. 


Correct  mean  time  of  observation =14*  58T38 ! 
'Hme  of  observation  per  watch  ^   14. 68. 40 


DUfkrencci  6r  error  of  the  watch  »  0*.  0?ll!— Hence,  the  watch  is 
11  seconds /asi  for  mean  time. 

/{afiarA.*^In  finding  the  error  of  a  watch  by  sidereal  observations, 
two  or  more  stars  should  be  observed,  and  the  error  of  the  watch  de- 
duced from  each  star  separately.     And,  if  an  equal  number  of  stars  be 
observed  on  different  sides  of  the  meridian,  and  nearly  equidistant 
^    therefrom.  It  will  conduce  to  still  greater  accuracy ;  because,  then,  the 
•   errors  of  the  sextant  or  quadrant,  and  the  unavoidable  errors  of  ob- 
sertation,  will  have  a  mutual  tendency  to  correct  each  other.     The 
'   mean  of  the  errors  so  deduced  should  be  taken  for  the  real  error  of 
the  watch. 


SOLUTION  OP  PROBLEMS  RELATIVE  TO  FINDING  THE 
ALTITUDES  OF  THE  HEAVENLY  BODIES. 

It  sometimes  happens  at  sea,  particularly  in  taking  a  lunar  observa- 
iion,  that  the  horizon  is  so  ill-defined  as  to  render  it  impossible  to 
observe  the  altitudes  of  the  objects  to  d,  sufficient  degree  of  exactne/ss  } 
Or,  perhaps,  that  one  or  both  of  the  objects  are  directly  over  the  land^ 
at  the  time  of  measuring  the  lunar  distance,  and  the  ship  so  contiguous 
thereto  as  to  render  the  absolute  value^of  the  horizontal  dip  uncertain  : 
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in  such  cases,  therefore,  the  altitudes  of  the  olgecta  miut  be  obtauned 
by  computation,  the  principles  of  which  may  be  fiuniliarly  illiisMtcd 
in  the  following  manner,  viz.  :— -Since  the  problem  for  finding  the 
altitude  of  a  heavenly  body  resolves  itself  into  an  oblique  angled  spiie- 
rical  triangle,  in  which  two  sides  and  the  contained  angle  are  given  to 
find  the  third  side;  therefore,  in  the  diagram,  page  428, given  the  side 
S  Z  =  the  co-latitude,  the  side  S  ]>  :=  tlie  polar  distance,  and  the  in* 
eluded  angle  at  S  =  the  horary  distance  from  the  meriiUan ;  to  find 
the  side  2>  Z=:  the  co-altitude,  or  zenith  distance  of  the  object ;  wbSA 
side  is  to  be  found  by  spherical  trigonometry.  Problem  III.ypage9(M^ 
as  thus : — 

Let  the  latitude  be  40?27'  north,  the  declination  of  a  celestial  oljeet 
23?2f  53T  south,  and  its  horary  distance  from  the  mericUan  8!1?44! ; 
to  find  the  true  central  altitude  of  that  object. 

See  Example,  page  429. 

Object's dist. from merid.3t  l?44r  =45?26^  —the  hour  angle Z  8  > 


Half  the  hour  angle  Z  S  1>  =  .  .    22?43^    |?''^^^/^*^1=  19. 178588 

°  (^Log.smej 

Co- latitude,  or  side  SZ=       •  .    49. 33.  0  Log.  sines     9.861309 

Polar  distance,  or  side  S  2)  =  .  113.   2. 53  Log.  sine=     9.963872 


Sumrs     .    39.018BOB 


Difference  of  the  sides  =       .     .    63?29'53r  Half  =    + 19.  509404| 


Half  difference^ 31?44:66ifLog.  8ine=  9.721149) 


Arch= 31.33. 18  Log.  tangt.=  9.  788265 


Log.  sine  of  the  arch  = —9.718764 


Half  the  required  side  =   .     .    .    38?  8^  3 r Log.  sine  =  9.79064(H 


Side  2>Z,  or  zenith  distances  .  76f  16'  61 — Hence,  the  true  alti- 
tude of  the  celestial  object  is  13?43:54r 

See  the  formula  under  Remark  I.,  page  203. 

Now,  from  the  principles  thus  established,  the  Rules  in  the  following 
problems  have  been  deduced  for  determining  the  altitudes  of  the  hea- 
venly bodies. 


I 


h 
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Problem  I. 

Bi»en  the  Latitude  and  Ijmgitude  qf  a  Shipj  or  Place,  and  the  Mean 
Tbne;  to  find  the  True,  and  the  Apparent  Altitude  of  the  Sun's 
Centre. 

Rule. 

Reduce  the  given  mean  time  to  the  meridian  of  Greenwich^  by 
EVoblem  III.^  page  342 ;  to  which  let  the  sun's  declination^  and  the 
equation  of  time,  be  reduced  by  Problem  XIV .3  page  357- — Convert 
the  given  mean  time  into  apparent  time  by  Problem  XXL,  page  372, 
and  it  will  express  the  sun's  horary  distance  from  the  meridian,  if  the 
given  time  be  in  the  afternoon  ;  but,  if  it  be  in  the  forenoon,  24  hours 
mmu$  the  apparent  time,  will  be  the  sun's  distance  from  the  meridian, 
viz.,  from  apparent  noon. 

If  the  latitude  of  the  place  and  the  sun's  declination  are  of  contrary 
names,  let  their  mm  be  taken ;  otherwise,  their  difference :  and  the 
meridional  zenith  distance  of  that  object  will  be  obtained.     Then, 

To  the  logarithmic  rising  answering  to  the  sun's  horary  distance 
from  the  meridian,  add  the  logarithmic  co-sines  of  the  latitude  of  the 
place,  and  of  the  sun's  reduced  declination :  the  suln,  rejecting  20 
from  the  index,  will  be  the  logarithm  of  a  natural  number ;  which, 
being  added  to  the  natural  versed  sine  of  the  sun's  meridian  zenith 
distance,  will  give  the  natural  conversed  sine  of  its  true  central  altitude. 

To  the  sun's  true  altitude,  thus  found,  let  the  correction  correspond- 
ing thereto  in  Table  XIX.,  be  added;  and  the  aum  will  be  the.ajp- 
pereni  altitude  of  the  sun's  centre. 

Example. 

Required  the  true,  and  the  apparent  altitude  of  the  sun's  centre, 
January  1st,  1836,  at  3*5T27!  mean  time,  in  latitude  40?27'  north, 
and  longitude  54?40'  west  of  the  meridian  of  Greenwich  ? 


Given  mean  timers    •    3!  5T27' 
Long.  54?40'  west,  in 
time  Bs      •     •    •     +3.38.40 


Greenwich  time  =s     .    6*44T  7- 


Given  mean  time 
Equation  of  time 


.    3*  5^27! 
.     -  3.43 


0's  declination  at 

noon=   *    .    23?  4:i6rSouth. 
Cor.  for6*44T7'  -   1.23 


Apparent  time  s=s        ,3^   1T447 


O's  red.  decl.=    23?2:53rSouth. 
Equation  of  time 

at  noon  =»  .     .        3T33!iSti6. 
Cor.  for  6*44r7?         +  8 


Red.  equa.  of  times   3T43',Sub. 


i    . 
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To  find  the  true  Central  Altitude,  &c. 
Suii'8  hor.  nier.  (list.  =     Ti*    1T44!         •     .     .     Log.  rising  5. 4] 
Sun's  red.  dcclin.  =       2:^?  2^53rS.     .     .     .     Log. co-sine 9. 9 
Latitude  of  the  ship  =  40.27.   0  N.    •     .     •     Log.  co-sine  9. 8 

Sun's  mer.  zcn.dist.  =  (J3f29!53"Nat.  v.  sine  553/72  — ^ 

Natural  number  = 208814  Log.  5. 3 

Truealt.ofsun's  centre^  18?44'.  2rN.co-v.sine  762586 
Correc.,  Table  XIX.=  3. 40 

Sun's  apparent  alt.  as    .13?47-42'9  as  required. 

Remarks. — In  computing  the  sun's  altitude  for  a  particular  pi 
on  shore^  where  an  extreme  degree  of  exactness  may  he  necessar 
equation  of  time  ought  to  be  reduced  agreeabl)'  to  the  Rule  in 
427 ' — but,  for  the  ordinary  purposes  of  navigation,  in  which  i 
rigid  degree  of  accuracy  is  never  called  for^  it  will  be  quite  near  ei 
to  the  truth  to  reduce  the  equation  of  time  to  the  nearest  second, 
the  above  Example. 

Tlie  young  navigator  must  bear  in  mind  that  the  sun's  horar 
tance  from  the  meridian  is  always  to  be  expressed  in  apparent  On 
And  he  should  remember  that,  in  determining  the  sun's  altitui 
any  given  time  before  mid-day,  it  is  the  difference  betwixt  the  ap| 
time  and  24  hours  (the  time  being  reckonedy  aitronomiealfy,  froi 
preceding  noon)  that  will  express  the  horary  distance  from  the  mer 

Note. — ^There  is  a  cipher  annexed  to  the  log.  rising,  so  as  to' 
the  number  of  its  decimal  places  correspond  with  that  of  the  loj 

sines. 


Proulcm  IL 
. 
Given  the  Latitude  and  Longitude  of  a  Ship^  or  Place,  and  the  , 

Time ;  to  find  the  Tnte,  and  the  Apparent  Altitude  of  the  M 
Centre. 

Rl'LE. 

Reduce  the  given  mean  time  to  the  meridian  of  Greenwich  bv 
blem  III.,  page  342 ;  to  which  let  the  mean  sun's  right  ascensic 
reduced  by  Problem  V.,  page  344  :— and  let  the  moon's  hori» 
parallax  be  reduced  by  Problem  XV.,  page  361 ;  and  her  right  as 
sion  and  declination  by  Problem  XVL,  page  364. 
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I 

To  the  mean  sun's  reduced  right  ascension  let  the  given  mean  time- 
be  added ;  and  the  sum^  abating  24  hpurSj  if  necessary,  will  be  the 
right  ascension  of  the  meridian  (Problem  VI.^  P&ge  345) ;  the  difference 
between  -which  and  the  moon's  reduced  right  ascension  will  be  her 
horary  distance  from  the  meridian. 

If  the  latitude  of  the  ship  and  the  moon's  declination  are  of  contrary 
names^  let  their  s^um  be  taken  ;  but,  if  of  the  same  name,  their  differ- 
emee  /  the  result  will  be  her  meridional  zenith  distance.— Tben^ 

To  the  log.  rising  answering  to  the  moon's  horary  distance  from  the 
meridian,  add  the  log.  co-sines  of  her  declination,  and  the  latitude  of 
the  ship ;  the  sum,  abatuig  20  in  th^  index,  will  be  the  logarithm  of  a 
natural  number  ;  which,  being  added  to  the  natural  versed  sine  of  the 
moon's  meridional  zenith  distance,  will  give  the  natural  conversed  sine 
of  her  true  central  altitude. — Froni  the  true  altitude  of  the  moon^  thus 
fmaaaAy  subtract  the  correction  corresponding  thereto^  and  her  reduced 
horizontal  parallax,  in  TaSle  XIX.,  and  the  remainder  will  be  her 
mgparent  central  altitude. 

Example. 

Bequired  the  true,  and  the  apparent  altitude  of  the  mooii'»  eentre, 
Jomiary  7tb,  1836,  at  1 P24T25!  mean  time,  in  latitude  50?  10^  north, 
fuid  longitude  60?  west  of  the  meridian  of  Greenwich  ? 


Giftn  mean  timeac  .     Il?24r2d! 
.60?  W.^mtime=i:  4.   0.  0 


Greenwich  time= 


15*24725! 


Given  mean  timers   .     11*24T25? 
sun'sred.  RJV.3  19.   6.54 


]|!gbtascen.ofmerid.=  6*31T19! 
^  'b  reduced  R.A.  =       10. 29.  58 


Mean  nm>*$  R.  A.  at 

noonsr     ...     19!  4r2af41 
Cor.forl6*24r25:«  +     2.81.66 


Jfii.  sun's  red.RA.s  19^  6T54;27 
D  's  red.  hor.  par.s  ^',  8^— 
I> 's  red.  R.  A.=  .  10^29T58!— 
}f  's  red.  declaims      14?54^53^N. 


>  *m  bor.  dist.  fr.  mer.s  3*58r39f 
^  'o  reduced  declin.  =  14. 54. 53  N. 
Urtitude  of  the  ship=  50. 10.   0  N. 


/  Log.  rising  5. 774460 
L.  c'6-sine  9.9^116 
L.  co-sine  9. 806558 


3>  *8  merid.  zen.  di8t.=  35?15^  7''Nat.ver.sine  183378 

Natural  numbers     .     .    368243  Log.  5. 566134 

IVue  alt.  of  D  's  centre=26?38^23fN.co.v.8ine  551621 
Bod.  of  d6.,TabIeXIX.=—  48.34 

^pp.  alt.  of  ]>  's  centre  =25  ?49C49t'  as  recpaired. 


i 
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Xoie. — ^There  is  a  cipher  annexed  to  the  I<^.  rbingy  lo  aa  to 
the  number  of  its  decimal  places  correspond  with  ikai  of  the  log.  co- 
sines. 


Problem  III. 

Given  ih0  Latitude  and  Longit%tde  of  a  Ship,  or  Place,  and  the  Mem 
Time ;  to  find  ike  True,  and  the  Apparent  Altitude  q/*  a  Planef9 
Centre. 

Rule. 

Reduce  the  given  mean  time  to  the  meridian  of  Oreenwich  by  Pio- 
blem  III.,  page  342 :— -to  which  let  the  mean  sun's  right  aacenaion  be 
reduced  by  Problem  V.,  page  344  :  and  the  planet's  geocentric  xigbt 
ascension  and  declination  by  Problem  XVIK,  page  366. 

To  the  mean  sun's  reduced  right  ascension  let  the  given  mean  time 
be  added ;  and  the  sum,  abating  24  hours  if  necessary,  will  be  the 
right  ascension  of  the  meridian  (Problem  VL,  page  345}  ;  the  dif- 
ference between  which  and  the  planet's  reduced  right  ascension  w31 
be  its  horary  distance  from  the  meridian. 

If  the  latitude  of  the  ship  and  the  planet's  declination  are  of  e^mtrarg 
names,  let  their  eum  be  taken ;  otherwise,  their  difference ;  and  the 
planet's  meridional  zenith  distance  will  be  obtained. — ^Then, 

To  the  log.  rising  answering  to  the  planet's  horary  distance  from  the 
meridian,  add  the  log.  co-sines  of  its  declination,  and  the  latitude  of 
the  ship ;  the  sum,  abating  20  in  the  index,  will  be  the  logarithm  of  a 
natural  number  ;  which,  being  added  to  the  natural  versed  sine  of  the 
planet's  meridional  zenith  distance,  will  give  the  natural  co- versed  sine 
of  its  true  central  altitude. — Now,  with  the  planet's  true  altitude,  thai 
found,  enter  Table  XIX.,  and  take  out  the  equation,  or  correction  cor- 
responding to  the  reduction  of  a  starve  true  altitude ;  the  difference  be- 
tween which  and  the  planet's  parallax  in  altitude.  Table  VI.,  will  leave 
a  correction ;  which,  being  added  to  the  true  altitude,  will  give  the 
apparent  altitude  of  the  planet. 

Example. 

Required  the  true,  and  the  apparent  altitude  of  Venns,  January  Srd, 
1836,  at  7*oO?45f  mean  time,  in  latitude  43?34I  southi  and  longitude 
80?301  east  of  the  meridian  of  Qreeuwicb  ? 
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Oiven  mean  time  a   •    7  •50745.' 
Long.80?30:  east^  in 

/tme=      •     .     .     •    5.22.00 


Mean  sun'is  R.  A.  at 

noon=i    •    .    .     18!48?36!16 
Cor.for2*28r45:         +  0.24.43 


Greenwich  time  =      .    2?28?45 : 


3E 


Given  mean  time  =s    •     7  •  50T45 ' 
3/edm8ml'8red.R.A.=18.49.    1 


Right  ascen.  of  mend.  =  2*39?46! 
Venus's  reducedR.  A.=:20. 28. 42 


iirn.8un'8red.R.A.sl8!49r00'59 
Venu8'8  hor.  par.=  .  .  .  6T  — 
Venus's  red.  geo. 

R.A.  =  .    .    .    20*28T42!  - 
Ditto,  declinations:  20f42a6?S. 


Venus's  horary  dist  =  6M1?  4?  .  .  .  .  Log.  rising  6.020470 
Ditto,  red.  decl.  =  .  20?42: 16rS.  .  .  .  Log.  co-sine  9. 971005 
Latitude  of  the  ship==  43.34.   OS.     .     .     .     Log.  co-sine  9. 845147 


Venus's  mer.  zen.  dis.=24?51  M4rNat.  ver.sine  092678 


Natural  number  =     686470  Log.  5. 836622 


Venus's  true  cen.  alt.=12?45:33rNat.co.v.sine  779148 
Red.,Ta.XIX.4'.6^1-P|.iv  ^A'Ot\/f 
Rir.,TableVI.0.6  J^^^"^'^' 

Venus's  apparent  alt.ssl2?49^331f,  as  required. 

Note. — ^There  is  a  cipher  annexed  to  .the  log.  rising,  so  as  to  make 
the  number  of  its  decimal  places  correspond  with  that  of  the  log.  co- 
sines. 


Problem  IV. 

the  Latitude  and  Longitude  of  a  Ship,  or  Place,  and  the  Mean 
Tbne  ;  to  find  the  TVuCy  and  the  Apparent  Altitude  ofafiwed  Star. 

Rule. 

Reduce  the  given  mean  time  to  the  meridian  of  Greenwich  by  Pro- 
blem III.,  page  342 ;  to  which  let  the  mean  sun's  right  ascension  be 
reduced  by  Problem  V,,  page  344. — ^Take  the  star's  right  ascension 
and  declination  from  the  Nautical  Almanac,  between  pages  368  and  407 

To  the  mean  sun's  reduced  right  ascehsion  let  the  given  mean  time 
be  added ;  und  the  sum,  abating  24  hours,  if  necessary,  will  be  the 
right  ascension  of  the  meridian  (Problem  VI.,'page  345) ;  the  difference 
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between  which  and  the  star's  right  ascenaloii  will  be  iti 
from  the  meridian. 

If  the  latitude  of  the  ship  and  the  star's  declination  are  of  coalwy 
names,  let  their  sum  he  taken  ;  but  if  of  the  9ame  name,  their  difference: 
the  result  will  be  the  star's  meridional  zenith  distance.-^Then, 

To  the  log.  rising  answering  to  the  star's  horary  distance  from  tk 
meridian,  add  the  log.  co-sines  of  its  declination^  and  the  latitude  of 
the  ship  s  the  sum,  abating  20  in  the  index,  will  be  the  logaiithm  of  • 
natural  number;  which,  being  added  to  the  natural  versed  sine  of  tks 
star's  meridional  zenith  distance,  will  give  the  natural  co-versed  siis 
of  its  true  altitude. — Now,  to  the  star's  true  altitude,  thus  found,  kt 
the  correction  corresponding  thereto  in  Table  XIX.  be  added  |  and  the 
sum  will  be  its  apparent  altitude. 


Exaf)y»le. 

Required  the  true,  and  the  apparent  altitude  of  the  star  ProcjnoD, 
January  lOth,  1836,  at  9^31  T39!  mean  time,  in  latitude  39?20:90: 
south,  and  longitude  75  ^'^O'  cast  of  Greenwich  ? 


Given  mean  time  =  .     9*31  TSQf 
Long.  7o?40'   east,  in 

time  =      ....     5.   2. 40 


Greenwich  time  = 


4*28T59f 


Given  mean  time  =        9^ 31 TSO  ? 
Mean  sun's  red.  U.  A.=:19. 16. 56 


Right  ascen.  of  merid.=  4*48T35! 
Procyon's right ascen.=  /. 30. 44  . 


Mean  sun's  B.A.  at 

noon=:      .     .     .  10?16rl2f07 
Cor.for4*28T69!=   +     0.44.19 


Mn.  sun's  red.  R.A.= 19?  16r56:26 


Procyon's    right  as- 
cension =       .     .     7-30T44! 
Ditto,  declination  =   5f38:27rN. 


Procyon'shorary  dist.s2?42?  9f   . 
Ditto,  decimation  s  .     5?38:27i:N. 

Latitude  of  the  ship=  39. 20. 30  S. 


Log.  rising  5.38084D 
Log.  co-sine  9.907891 
Log.  co-sine  9. 


Star's  mer.  zcu.  dist.=  44?58:57^Nat.  ver.  sine  292678 


184724  Log. 


Star's  true  altitude^    31  ?30C  24rNatxo;v.sine  477402 
Bed.  Table  XIX.  =      +     L  33 


Star's  apparent  alt.  a  31  ?31  r57^>  as  required. 
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iVb/^.— In  the  above  Example^  as  in  tbe  three  preceding  ones^  a  cipher 
la  annexed  to  the  log.  rieing,  so  aa  t6  make  the  number  of  its  decimal 
places  correspond  witli  the  number  of  decimals  in  the  log.  co-sinea. 

The  reader  will  please  to  observe  that  the  natural  rines  may  be 
used  in  the  solution  of  the  four  last  problems,  ii^stead  of  the  verted 
sines  :  in  this  case^  if  the  natural  number  be  subtracted  from  the 
natural  co-sine  of  the  object's  meridional  zenith  distance,  the  natural 
sine  of  its  true  altitude  will  be  obtained.*— Thus,  in  the  above  Example^ 
the  star's  meridional  zenith  distance^ is  44?58C57^  :— Now,  the  natural 
co-sine  of  this  is  707322 ;  from  which  let  the  natural  number  184734 
be  subtracted,  and  the  remainder  522598,  is  the  natural  sine  of  the 
star's  true  altitude;  the  arch  corresponding  to  which  is  31?30^24T. — 
The  natural  sines,  and  natural  co^-sines  are  comprehended  in  Tabte 
XXVII.,  between  pages  93  and  137  of  the  second  volume.— -See  the 
first  paragraph*  in  page  57^  and  the  Remark  in  page  60,  of  the  present 
volume. 

The  four  preceding  problems  are  evidently  the  converse  of  those  for 
finding  the  mean  time,  as  given  in  pages  435,  437^  499|  and  441  • 


^mmt 


SOLUTION  OF  PROBLEMS  RELATIVE  TO  THE 

LONGITUDE. 

The  Longitude  of  a  given  place  on  the  earth.  Is  that  arc  or  portion 
of  the  equator  which  is  intercepted  between  the  first  or  principal  meri- 
dian and  the  meridian  of  the  given  place  3  and  is  denominated  east  of 
west,  according  as  it  may  be  situate  with  respect  to  the  first  meridian. 

The^*f  or  principal  meridian  is  an  imaginary  great  circle  passing 
through  any  remarkable  place  and  the  poles  of  the  world  :  hence  it  is 
entirely  arbitrary  ;  and,  therefore,  the  British  reckon  their  first  meri- 
dian to  be  that  which  passes  through  the  Royal  Observatory  at  Green- 
wich 5  the  French  esteem  their  first  meridian  to  be  that  which  passes 
thcough  the  Royal  Obser\  atory  at  Paris ;  the  Spaniards,  that  whicli 
passes  through  Cadiz,  &c.  &c.  &c.  Every  part  of  the  terrestrial  sphere 
may  be  conceived  to  have  a  meridian  Kne  passing  through  it,  cutting 
the  equator  at  right  angles:  hence  there  may  be  as  many  different 
meridians  as  there  are  points  in  the  equator. 

Every  meridian  line,  with  respect  to  the  place  through  which  It 
passes,  may  be  said  to  divide  the  surface  of  the  earth  into  two  equal 
parts,  called  the  eastern  and  western  hemispheres.  Thus,  when  the 
face  of  an  observer  is  turned  towards  the  north  pole  of  the  world,  the 
hemisphere  which  lies  on  his  right-hand  is  called  east,  and  that  on  his 
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left-hand  vnt ;  and,  rice  rerm,  whem  tht  tmot  b  firected  towirii  fk 
loath  pok  of  the  world,  the  hemisphere  which  lies  on  the  left-huidii 
called  cast,  and  that  on  the  right-hand  west. 

The  longitude  is  reckoned  both  ways  from  the  first  meridian,  cut 
and  west,  till  it  meets  with  the  same  meridian  on  the  opposite  part  d 
the  equator :  hence  the  longitude  of  any  place  on  the  earth  can  nem 
exceed  180  degrees.  Tlie  difference  of  longitnde  between  two  phea 
on  the  earth  if  an  arc  oi  the  eqnator  contmned  between  the  meridiiM  ■ 
of  thofe  places,  showing  how  hr  one  of  them  is  to  the  eastward  or 
westward  of  the  other,  and  can  nerer  exceed  180  degrees,  or  half  tte 
earth's  rircnmference. 

All  places  that  are  situated  under  the  same  meridian  have  the  ssae 
longitude ;  but  places  which  lie  under  different  meridians  hare  difiercot 
longitudes  :  hence,  in  sailing  due  north  or  due  south,  since  a  ship  dod 
not  change  her  meridian,  she  keeps  in  the  same  parallA  of  longitude; 
but,  in  ssdling  due  east  or  due  west,  she  constantly  changes  her  meri- 
dian, and  therefore  passes  through  a  variety  of  longitudes. 

When  the  meridian  of  any  place  is  brought,  by  the  diurnal  revolotiflB 
of  the  earth  round  its  axis,  to  point  directly  to  the  sun,  it  is  then  nooa 
or  mid-day  at  that  place. 

The  motion  of  the  earth  on  its  axis  is,  at  all  times,  equable  and  oni- 
form ;  and,  since  it  turns  round  its  axis  eashcard  once  in  every  94 
hours,  all  parts  of  the  equator,  or  great  circle  of  360  degrees,  will  psn 
by  the  sun,  or  star,  in  equal  portions  of  time :  therefore  the  twenty- 
fourth  part  of  the  equator,  viz.,  15  degrees,  will  pass  by  the  sun  in 
one  hour  of  time :  for,  24'  x  15?  or  1  hour,  =  360  degrees;  and, 
conversely,  360  degrees  •*-  24  hours  =15  degrees  or  1  hour. 

Every  place  on  the  earth,  whose  meridian  is  15  d^prees  east  of  the 
Royal  Observatory  at  Greenwich,  will  have  noon  and  every  other  hoar 
one  hour  sooner  than  at  the  meridian  of  that  Observatory ;  if  the  meri- 
dian be  30  degrees  east  of  Greenwich,  it  will  have  noon  and  evoy 
other  hour  two  hours  sooner  than  at  the  meridian  of  that  place,  and  io 
on ;  the  time  always  differing  at  the  rate  of  1  hour  for  every  15  degrees 
of  longitude,  1  minute  of  time  for  every  15  minutes  of  longitude,  and 
1  second  of  time  for  every  15  seconds  of  longitude.  Again,  every 
place  whose  meridian  is  15  degrees  west  of  the  Royal  Observatory  st 
Greenwich  will  have  noon  and  every  other  hour  one  hour  later  than  st 
the  meridian  of  that  Observatory ;  if  the  meridian  be  30  degrees  to  (he 
westward  of  Greenwich,  it  will  have  noon  and  every  hour  two  hours  later 
than  at  the  meridian  of  that  place,  and  so  on.  Hence  it  is  evident, 
that  if  the  time  at  the  meridian  of  a  ship  or  place  be  greater  than  the 
time,  at  the  same  instant,  at  the  meridian  of  Greenwich,  such  ship  or 
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place  will  be  to  the  eastward  of  Greenwich  ;  but  if  the  time  at  a  ship 
or  place  be  less  than  the  time,,  at  the  same  instant^  at  Greenwich^  such 
ship  or  place  will  be  to  the  westward  of  Greenwich. 

Since  the  longitude  of  any  place  on  the  earth  is  expressed  by  the 
difference  of  time  between  that  place  and  the  Royal  Observatory  at 
Greenwich ;  therefore^  to  determine  the  longitude  of  a  given  place^  we 
have  only  to  figd  the  time  of  the  day  at  that  place^  and  also  at  Green- 
wich^ at  the  same  instant ;  then^  the  difference  of  these  times  being 
converted  into  motion,  by  Problem  II.,  page  342,  or,  more  readily,  by 
Table  I.,  Vol.  IL  in  this  work,  the  longitude  of  such  given  place  will 
be  obtained. 

The  readiest,  and,  indeed,  the  most  simple  method  of  finding  the 
longitude  at  sea,  in  theory ^  is  by  a  chronometer,  or  -other  machine^ 
that  will  measucis  time  so  exactly  true  as  to  go  uniformly  correct  in  all 
places,  seasons,  and  climates  :  for,  such  a  machine  being  once  regu- 
lated to  the  meridian  of  the  Royal  Observatory  at  Greenwich,  would 
always  show  the  true  time  under  that  meridian,  though  removed  in  a 
ship  to  the  most  distant  parts  of  the  globe,-— even  to  the  utmost  extent 
of  longitude. 

Although  such  a  perfect  piece  of  mechanism  can  scarcely  be  hoped 
for  or  expected  to  result  from  the  ablest  and  best  applied  course  of 
)iuman  industry, — yet,,  in  short  voyages,  a  chronometer  may  be  safely 
employed  in  the  determination  of  the  longitude. 


OP  FINDING  THE  ERROR  AND  THE  RATE  OF  A 

CHRONOMETER. 

Before  a  chronometer  can  be  applied  to  the  important  purpose  of 
naidgating  a  ship  over  the  boundless  ocean,  it  becomes  indispensably 
necessary  to  determine  its  error  for  mean  time  at  Greenwich,  and  to 
establish  its  daily  rate  of  going  to  the  most  rigid  degree  of  mathe- 
matical exactness  • 

The  error  of  a  chronometer  signifies  how  much  it  is  fast  or  slow  for 
mean  time  at  the  Royal  Observatory  at  Greenwich  \  the  rate,  how 
much  it  gains  or  loses  on  mean  time  in  24  hours. 

In  the  Royal  Navy  it  is  customary — it  is  the  general  custom — to 
send  chronometers  .on  bpard  the  ships  with  the  error  and  the  rate  as 
established  at  the  Naval  College  in  the  Dock-yard  at  Portsmouth. — 
This,  to  say  the  least  of  it,  is  a  most  mistaken  ctistom  /—indeed,  it  is 
fraught  with  danger  :— for,  were  it  possible  to  waft  a  chronometer  on 
board  a  man-of-war  on  the  wings  of  an  angel,  or  to  transport  it  by  the 
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M7i«:  tmrk  rJ  1  T.*rryciirT^'*  *m<L  jt4.  the  dua^  of  atmosplinf, 
th«  c.^ercnre  rf  *.erjp«rar:re.  iz<i  th*«  fecc/  mitrmefi^m  arising  firom  fbe 
j>r.:..ir:.—.^  ir-i-;-.-  ::  ir^ys.  •■^•Ji  ""iiirfi  o*:e  of  his  Majesty's  ship 
sC^^r,  :rc«.  wrjr^A  c.o^t  a««:irrdlT  ca-i^e  iu  rs/e,  ac  settled  at  the  CoUege, 
to  taffer  a  certcim  de^f*  %f  pma/ic^.— It  i«  a  £Kt  wril  kuown  to  mrfv 
ob^errers.  that  th^  rcf^  of  a  chrocometer  will  be  miiered  by  riaiplf 
piacinff  it  vi^hiri  :h^  mAgri^ric  isftuence  (rf  a  ship's  compass;  asd 
hence  it  inrariabl y  happen*  that,  after  an  interral  of  about  three  aedn, 
or  in  the  «Ai&rr  r««ii  K^twirt  Portfmomth  mmd  MaUm^  the  master  findi  it 
nerr-*sary  to  eiv^  the  timekeeper  a  neir  r«/e. 

In  the  vcar  lS2^i.  o:;  mv  returt;  from  the  East  Indies.  I  had  the 
pleasure  of  a  friendly  interriew.  at  the  Cape  of  Good  Hope,  with  the 
Reverend  Mr.  Fallow*,  then  Hi»  Majesty's  Astronomer  at  the  Qfe: 
when  our  conversation  turned  upon  chronometers,  the  learned  didoe 
communicated  a  fact  of  the  greatest  importance  to  the  nantical  vorid; 
which  fact  I  shall  now  narrate  for  the  information  of  the  c^itmns  aad 
masters  of  the  Royal  Nary,  and  for  the  guidance  of  all  persons  whi 
trust  to  a  timekeeper  in  the  narigating  of  a  ship. 

The  Reverend  Mr.  Fallows,  a  most  accomplished  mathematkdaDj  and 
an  excellent  astronomer,  was  furnished,  by  order  of  GoTemment,  whh 
three  chronometers,  for  the  use  of  the  Observatory  at  the  Cape  of  Good 
Hope  : — those  were  of  the  very  best  description,  and  each  equally  good  \ 
for  they  had  severally  withstood  the  test  of  astronomical  scrutiny,  for 
many  months,  in  the  Royal  Observatory  at  Greenwich. — One  of  those 
Huperiur  machines  he  placed  abaft  the  foremost  bulk-head  of  the  captun'i 
cabin,  ;uid  the  other  two  at  the  extremities  thereof ;-— one  close  to  an 
iron-knee  on  the  starboard  side,  and  the  other  equally  close  to  an  tnm- 
knee  on  the  larboard  side  of  the  ship. — After  the  lapse  of  a  few  days, 
the  reverend  gentleman  found  that  the  starboard  and  larboard  chrono- 
meters (names  by  which  the  two  machines  at  the  sfaip^s  sides  were 
diHtinguished)  did  not  keep  uniform  pace  with  that  which  was  placed 
nt  the  midship  part  of  the  bulk-head. — On  reaching  Madeira,  he  ascer- 
tained, by  celestial  observation,  that  the  last-mentioned  machine  had 
pn*Herved  the  rate  wliich  he  gave  it  on  board  previous  to  sailing  from 
Knglund,  and  that  the  rates  of  the  other  two  had  undergone  a  sensibk 
alteration. 

Heing  rather  surprised  at  witnessing  such  an  unexpected  difference 
in  timekeepers  of  equally  approved  excellence,  he  therefore  changed 
the  position  of  the  side  chronometers,-^ihe  starboard  one  tras  placed 
on  the  larboard  side,  and  rtce  rerwt,  the  larboanl  one  on  the  starboard 
side  of  the  ship.  At  the  end  of  the  week  he  observed  that  the  siAf 
machines  had  again  changed  their  rates  with  respect  to  that  irhidt 
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utood  midway  betwixt  them.  Those  machines  were  then  restored  to 
their  original  berihif  and  after  a  few  days  they  were  obsenred  to  return 
io  the  reepecti^e  rate9  which  they  exhibited  previoM  to  their  remwal. 
The  rererend  gentleman  tried  the  same  experiment  several  times  be- 
twixt the  equator  and  the  Cape  of  Good  Hope ;  and  in  erery  trial  the 
side  chronometers  were  found  to  depart  from  their  daily  rates;  to  which 
rates  they  again  returned  iti  the  course  of  a  few  days,  after  being  re- 
placed in  their  original  positions  j  and  kept  to  them  so  long  as  they 
were  steered  to  remain  undisturbed.  Here,  then,  we  have  an  authen- 
ticated proof  ot.the  extreme  sensitiveness  of  chronometers ;  and  of  how 
very  susceptible  they  are  of  being  affected  by  a  transition  of  place,  a 
change  of  temperature,  or  a  difference  in  the  sphere  of  local  attraction 
to  which  they  are  exposed.  And  from  this  we  can  easily  perceive  the 
great  impropriety ^ — nay,  the  evident  danger,— o{  putting  confidence  in 
a  timekeeper  whose  error  and  rate  have  been  established  on  shore. 
Andy  hence  it  becomes  clearly  manifest,  that  a  chronometer  ought  to  be 
fixed  in  its  resting-place  on  board  a  man-of-war,  8  or  10  days  b^ore  its 
rmte  is  determined;  00  that  it  may  have  time  to  become  reconciled  to 
the  change  of  atmosphere, — to  the  difference  of  temperature,— and  to 
the  local  magnetic  attraction  of  the  ship  3  from  which  resting-place  it 
should  never  be  removed  until  it  is  about  to  be  returned  to  one  of  His 
Majesty's  stores. 

Now,  since  it  is  clearly  evident  that  a  chronometer  should  nivir  be 
eSsturbed  after  its  rate  has  been  duly  estabHsAsdy-^the  captain,  therefore, . 
In  whose  charge  it  is,  ought  to  be  provided  with  an  excellent  pocket* 
watch,  or  working  chronometer,  that  will  go  perfectly  unif&rm  tor  a 
short  interval,  or  during  the  space  of,  a  few  hours  /  which  watch  be 
should  lend  to  the  master  for  the  purpose  of  noting  the  times  of  ob6er<» 
ration.  By  means  of  a  watch  of  that  description,  the  error  and  the 
rate  of  a  chronometer  can  be  correctly  determined  on  board  a  ship, 
Recording  to  the  following  Problems  :-^ 


Peoblem  I. 

To  find  the  Error  and  the  Rate  of  a  Chronometer  by  Equal  Attitudes 

of  the  Sun. 

Rui*E. 

Immediately  before  leaving  the  shlp^  let  the  master  or  some  other 
competent  person,  carefully  compare  a  good  pocket-wmtck  (one  of  the 
abote  deseription  and  nearly  regulated  to  mean  time  at  the  given  men- 
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dian)  with  the  chronometer ;  and  note  down  the  respective  limes  indi- 
cated by  both  machines. — Then^  taking  with  him  a  sextant^  an  artifidd 
horizon^  and  an  assistant  to  write  down  the  times  and  the  correspond- 
ing altitudes^  he  should  go  on  shore  at  a  place  whate  Umgtimde  u  veni 
correctly  knotcn^  and  proceed  in  the  following  manner^  viz. :— - 

In  the  morning,  when  the  sun  is  nearly,  in  the  prime  vertical^  or,  it 
leasts  when  he  is  rather  more  than  two  hours  distant  from  the  meridian, 
let  an  observer  bring  down  his  lower  limb,  by  moving  the  index  of  the 
sextant,  till  it  is  in  contact  with  the  upper  limb  as  seen  in  the  artifid4 
horizon  : — then  move  the  index  forward ; — set  it  to  the  next  tenth  or 
twentieth  minute,  according  to  the  quickness  of  the  sun's  ascension, 
and  wait,  with  the  sight  directed  through  the  telescope  to  the  snn's 
image  in  the  artificial  horizon,  till  the  contact  of  the  limbs  takes  plaee. 
At  the  precise  moment  of  contact,  the  observer  is  to  cry  oat  sicp;  oa 
which  the  assistant  is  to  note  the  exact  time  per  Mratch;  which  being  in- 
creased by  12  hours,  is  to  be  written  down  abreast  of  the  sun's  altitndew 
Move  the  index  forward  to  the  next  tenth,  or  twentieth  minute,  and' 
proceed  as  before,  until  five  or  more  observations  are  taken.  In  the 
afternoon,  when  the  sun's  distance  from  the  meridian  is  within  a  fern 
minutes  of  what  it  was  at  the  last  qf  the  forenoon  observations,  let  Ae 
observer  bring  the  sun's  limbs  again  in  contact  in  his  artificial  horixon: 
i— then,  let  him  set  the  index  of  his  sextant  to  the  last  of  the  morning 
altitudes,  and  wait,  with  the  sight  directed  through  the  telescope  to 
the  sun  in  the  artificial  horizon,  till  there  is  a  perfect  contact  of  the 
limbs  :  at  the  precise  moment  of  contact  he  is  to  cry  out  stop,  and  the 
assistant  is  to  note  the  exact  time ;  which  being  increased  by  24  hours, 
is  to  be  written  down  abreast  of  the  corresponding  time  in  the  mom- 
ing. — Move  the  index  back  to  the  next  less  of  the  morning  altitudes, 
and  proceed  as  before ;  then,  to  the  next  less;  and  so  on,  till  the  times 
corresponding  to  all  the  altitudes  are  noted  down. 

On  the  observer's  return  to  the  ship,  which  ought  to  be  without  a 
moment's  delay,  let  him  again  compare  the  watch  with  the  chronometer, 
and  note  down  the  respective  times  indicated  by  both  machines  :— 
hence,  he  can  be  satisfied  relative  to  the  uniform  going  of  the  watch 
during  the  interval ;  this  is  known  by  its  showing  the  same  difference 
of  time  at  both  comparisons. 

The  sum  of  the  morning  times  divided  by  their  number,  will  give 
the  forenoon  mean  : — the  same  being  done  with  the  times  past  noon, 
the  result  will  be  the  afternoon  mean. — Add  the  two  means  together ; 
take  half  the  sum,  and  it  will  be  the  mean  time  of  noon  per  watch, 
incorrect, — Reduce  this  to  tlie  meridian  of  Greenwich  bv  Problem  III., 
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page  342 ;  to  which  let  the  iun's  declination  be  reduced  by  Problem 
XIV.  page  357 ;  and  the  equation  of  time  by  the  Rule  in  page  427* 

When  the  equation  of  time  is  additive  in  page  I.  (not  II.)  of  the 
month  in  the  Nautical  Almanac^  24  hours  +  the  reduced  equation ; 
but  when  9ubtractive^  24  hours  —  the  reduced  equation  will  be  the  true 
time  of  mean  noon  at  the  place  of  observation. 

The  difference  between  the  meam  will  be  the  interval  betwixt  the 
obaenrations ;  with  which  interval  and  the  latitude  of  the  place 
enter  Table  XIII •;  and,  with  the  interval  and  the  reduced  declina- 
tion^  enter  Table  XIV. :  —*  take  out  the  tsorresponding  equations, 
and  note  whether  they  are  affirmative  or  negative^  agreeably  to  the  Rule 
in  page  22 :— »then,  with  the  sum  or  difference  of  those  two  correc« 
tions,' according  as  they  are  of  the  same  or  of  contrary  signs,  and  half 
the  sum  of  the  variation  of  the  sun's  declination  for  the  days  imme- 
diately preceding  and  following  the  given  mean  noon,  compute  the 
eqiMtion  of  equal  altitudes  by  the  formula  in  page  23.*— -Now,  to  the 
mem  time  of  noon  per  watch  incorrect^  &pply  ^®  equation  of  equal 
altitudes,  by  addition  or  subtraction,  according  as  its  sign  may  be 
aflbrmative  or  negative ;  and  the  sum  or  difference  will  be  the  correct 
mean  time  per  watch  when  the  sun's  centre  was  on  themeridian  of  the 
place  of  observation :  the  difference  between  which  and  the  tr%ie  time 
of  mean  noon,  found  as  above,  will  be  the  error  of  the  watch  for  mean 
time  at  the  given  place. 

• 

To  the  time  shown  by  the  watch  on  its  comparison  with  the  chrono- 
meter, add  the  error  if  it  be  sloWy  or  subtract  it  if  fast ;  and  the  sum 
JT  difference  will  be  the  correct  mean  time  at  the  moment  of  com^ 
Borisan.  To  this  apply  the  established  longitude  of  the  place  by  addi- 
tion if  westf  or  subtraction  if  east ;  and  the  result  will  be  the  correct 
mean  time  at  Greenwich.  Now,  the  difference  between  this  and  the 
dme  indicated  by  the  chronometer  at  the  moment  of  comparison^  will 
be  the  error  of  this  machine  for  mean  time  at  Greenwich ;  which  will 
\^/ast  when  the  chronometer  time  is  the  greatest ;  otherwise  it  will  be 

Repeat  this  opesation  for  a  succession  of  days,  or  as  often  as  pos- 
sible ;  note  down  the  errors  for  each  day,  and  thus  any  irregularity  in 
the  going  of  the  chronometer  will  be  detected  : — then,  the  sum  of  the 
errors  divided  by  their  number,  will  be  the  mean  error  ;  and  this  being 
divided  by  the  number  of  days  (an  uneven  number,  such  as  9,  11,  13, 
&c.,  should  be  preferred)  contained  between  the  first  and  the  last  times 
of  observation,  the  result  will  be  the  mean  rate. — ^The  error  and  the 
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rate  thus  established  will  be  for  the  day  wUch  siamdi  epenlg  fatemi  fk 

frsi  and  the  last  days  of  observing  the  equal 


Should  the  duties  of  the  ship  render  it  ineonvenient  to  repeat  tbe 
operation  for  a  succession  of  days,  the  observer  is,  in  this  case,  to 
determine  the  error  of  the  chronometer  again,  after  a  lapse  of  10  or  U 
dayS;  or  a  longer  interval  if  possible  ; — let  him  find  the  difereneeht- 
■tween  the  two  errors ;  then,  this  being  divided  by  the  number  of  dap 
contained  in  the  inten-al  between  -  the  observations,  the  result  triU  k 
the  daily  rate  of  the  chronometer. — Reduce  the  error  on  the  last  dqf 
of  observation  to  noon ;  and  it  will  be  a  constant  quantity  to  be  appM 
to  they>^/trre  times  shown  by  the  chronometer. 

Now,  to  know  whether  the  daily  rate  is  additive  or  mibiractiee*  If  the 
chronometer  he  fast  at  the  time  of  the  first  observation,  and  its  crrw 
imereasingp  the  machine  will  evidently  be  gabUnff  on  mean  t|pie  ;  bat  ff 
decreasing,  it  will  be  losing  for  mean  time : — in  the  first  case^  ibfSdtilg 
rate  is  to  be  applied  by  subtraction}  and  in  the  second  by 
Again,— if  the  chronometer  be  slow  at  the  first  observation,  and  its 
increasing,  the  machine  will  be  manifestly  losing  for  mean  timei  bi^if 
decreasing,  it  will  be  gaining  on  mean  time  :-^n  the  first  part  of  tUi 
instance  the  daily  rate  is  to  be  applied  by  addition  >  and  in  the  othcfi 
by  subtraction  to  the  times  indicated  by  the  chronometer. 


Example, 

m 

May  1  St,  1 836  {civil  or  nautical  time)  the  foUomng  equal  altltadci 
of  the  sun  were  observed  at  a  point  about  luilf  a  mile  due  south  of  tlw 
Observatory  at  Naples ;  the  latitude  of  which  point  is  40?21 147^  nortki 
and  its  longitude  14?13^4|?  east,  or  0!57*0; IB!— previous  to  obam- 
ing  in  the  forenoon  the  watch  was  compared  with  the  chronometer)  tkc 
time  by  the  former  was  7M2:32f ,  and  by  the  latter  6M5752:  |  aod  ii 
the  afternoon,  when  the  watch  showed  4?45T38!,  the  chronometer  in- 
dicated 3^^8r58r— and  since  the  difference,  viz.,  0t56r40!  is  thesam 
at  both  comparisons,  it  is  a  proof  that  the  watch  went  uniform  daring 
tlie  interval : — now,  from  those  elements,  the  error  of  the  chronometer 
for  mean  time  at  Greenwich  is  required. 


1 
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Altniide  of  tlie  8iiA!f 
Lower  Limb.  • 

r30?  01 

ITiese  are   the    gQ,  JQ 
doable  aogles,  | 
as  seen  in  an^  30.  20 
«rdllclallHiri.    gQ3Q 

I3O.4O 


Fbrenoon  If  era  Tlmei  of       Aftfrnomi  lieaA  Time*  of  Ob- 


son. 


Mean 


•     • 


Obs^  per  Watch* 

.  20!  2?45i 
.  20.  3. 14 
.  20.  3. 43 
.  20.  4.13 
.  20.  4.41 


.  20t  3r43!  Mean 


■erv»tlon,jMi'  Watch. 

.  .  28f24rl4: 

.  .  28.23.45 

.  .  28. 23. 16 

.  .  28.22.47 

.  .28.22<I8 


*«M 


t^mt 


.  28!28T!6! 


Afternoon  mean  =  28. 23. 16    Forenoon  mn.=20.   3.43  . 


Interval  betw.  the  obs.  =    8M9r33f  Sum  = 


.  48*26^59 f 


Mean  time  of  noon  per  watch  incorrect  =     .     .     ,     .  24*13T29f30f 
Established  longitude  of  the  given  place^  east  =    .     .    0.  b?.   0. 18 

Greenwich  time  past  noon,  February  29th  =    .     .     .  23*16r29!  12 f 

The  tun's  declination  reineei  to  Cffemwtek  ihne,U  7^97'^^  iovlh ; 
and  the  e^atioii  of  time^  fHldS'.SSi  f-^aod  since  this  cifofMfil  is  ad'^ 
ditlve  to  mppBtmi  timip}  therefore  the  true  tints  of  ntesn  noon  is 
il4M3?33f3df 

Tb^iuf  the  JEquathn  corresponding  to  the  S^al  Attitude. 

^feSquation,  TaUe  Xlll*^  hdsw.  to  lat« 

40?21'.47^andinterv.8*19r33:=:  llr56^  Negative. 
liquation,  Table  XtV.,  adsw.  to  dec. 

7?27^63r  and  interv.  8*  19?33!  =*    0. 62    Negative. 


Sum  of  the  equations  =:     .     •     •     •  12^'51T      Prop.  Log. 
Vari«ion  ai  son's  d^iirtttion  ^     .  2Sr49?ld  Prop,  hogi 


1.1464 
0.8^0 


HMh 


Equation  of  equal  altitudes  =    .     4     .  —  I6f  17-  Prop.L.  1.0434 

Mn.  time  of  noon  per  watch  inearrect^iA'i  l8T29'30f .     . 

Correct  mean  time  of  noon  per  watch=24*13T13!13f 
Tftte  tfnie  ot  mean  noon,  as  abatfe.      .  24. 12. 33*38 


1^       H    I     IJM^J^i^a 


Error  of  watch  for  true  mean  time      =      — 0T39!40i  5  which  \^fa$t. 
Time  per  watch  at  lastcomp. with  chron.  4. 45. 38.   0 

Correct  mean  time  at  last  comparison  4!44T58!20f 
Established  longitude  of  the  place,  toit^  0.  b7*  0. 19 


M«b 


C<»rreet  mean  time  at  Greenwich      «    •  8* 47*^58!  2' 
Mean  time  by  chron.  at  last  comparison  3. 48. 58.   0 


^rror  of  the  chron.  for  Green w,  time  ==       0!'59!68f  j  which  is  fast. 
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Notts. — 1.  Both  parts  of  the  equation  of  equal  altHndet  aie  « 
live :  the  first,  because  the  sun  is  advancing  towards  the  elevated 
of  the  heavens  ;  and  the  second,  because  the  sun's  declination  it 
creasing. — See  Remark,  page  23. 

'2.  Since  the  morning  observations  belong  ailnmomieaUjf  to  F< 
ary  29th,  therefore  half  the  sum  of  tlie  variation  of  the  sun's  dec 
tion  for  the  days  preceding  nnd  following  the  given  one,  viz.,  22'< 
+  22:52:3-4-2=3-2M9?15,  is  to  be  taken,  as  the  variatioD  of  the  i 
declination. 

3.  Unity  or  1,  is  ngected  from  the  index  of  the  sum  of  the  pro 
tional  logarithms,  agreeably  to  the  Rule  in  page  23. 


Again. 

March  15th,  1836  (civii  or  tuailieat  time),  at  the  same  place,  in 
forenoon,  when  the  mean  of  several  altitudes  of  the  sun's  lower  li 
viz.,  the  double  angle  as  seen  in  an  artificial  horizon,  waa  30f30! ; 
mean  of  an  equal  number  of  noted  times  per  watch  was7.37'47'.; 
in  the  afternoon  the  mean  of  the  times  corresponding  to  the  same  < 
tildes  was  4*39'53:^After  returning  on  board,  the  watch,  on  bi 
compared  with  the  chronometer,  showed  4*56?24',  and  this  mad 
4*UT49:,  the  dilTerencc,  viz.,  0*55t35!,  being  the  same  that  was  fo 
at  tlie  forenoon  comparison  : — required  the  error  of  chronometer 
mcuu  time  at  Greenwich,  and  also  its  daily  rate  of  going  ? 


Mn.  of  foren.  times  =   19?37r47: 
A^moon  mean     .     .  28. 39. 53 


Mn.  of.  aft.  times  =28t39?53: 
Forenoon  mean     ,  19. 37>  47 


I*  2T  6:     Sum  =    .    .    .    .48M7T40; 


Mean  time  of  noon  per  watch  incorreet  = 
Etttahlishcd  longitude  of  the  place,  east  = 


Greenwich  time,  past  noon,  March  the  14th  - 


The  sun's  declination  reduced  to  Greenwich  time  is  2°1'0?  soul 
and  the  equation  of  time,  9T'i'.5'.  ;  and  since  this  element  is  addit 
to  apparent  time;  therefore  the  true  time  of  mean  noon  is  24t9T3!J 
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To  find  the  Equation  corresponding  to  the  Equal  Altitudes. 

Equation,  Table-XIII.,  answ.  to  lat. 

40°21  M7r  and  interv. 9*2:6/  =         12ri3r  Negative* 
Equation,  Table  XIV.,  answ.  to  dec. 

2n:0r  and  interval  9!S??6!    =  0ri3r  Negative* 


Sum  of  the  equations  =:  •     .     '     .         12^26^  Prop.  Log.  =  1. 1607 
Variation  of  the  sun's  declination  23:4lr  5r*Prop.  Log.  =  0.88Q7 


Equation  of  equal  altitudes  =     .     .     .         -  16!22f  P.L.  sl.0414* 
Mn.  time  of  noon  per  watch^  incorrectss  24!  8?50 !  0 1 


Correct  mean  time  of  noon  per  watch  =  24!  8?33^38' 
True  time  of  mean  noon,  as  above  s=  24.   9.   3.   5 


Error  of  watch  for  true  mean  time       •     +0?29!27'  ;  which  is  slow. 
Time  per  watch  at  last  comp .  with  chron .    4 !  56T24 '  0  f 


Correct  mean  time  at  comparisons     •    4!56?53!27- 
Established  long,  of  the  place,  east  s    0.57*  0. 18 


Correct  mean  time  at  Greenwich  s     .    3t59T53!  9i 
Mn.  lime  by  chron.  at  last  comparison    4.   0. 49.   0 


Error  of  the  chron.  for  Greenwich  time  zi     0T55!51  i ;  which  is  fast. 


To  find  the  Daily  Rate  of  the  Chronometer. 

March  1st,  1836,  chron./ast  for  mn.  time  atGreenw.  0?59!58' 
March  ISth,  ditto,  ditto 0. 55. 51 


Difference  in  the  interval  betw.  the  observations  =4!  7' =4?  117. 

Now,  this  being  divided  by  14  (the  number  of  days  in  the  interval), 
the  quotient,  or  0'294,  is  the  actual  daily  rate  {losing)  of  the  chrono- 
meter, on  the  supposition  of  anun^form  motion ;  which  rate  is  additive^ 
for  the  reason  shown  in  the  last  paragraph  of  the  Rule  in  page  458. 

Hence,  the  error  of  the  chronometer  for  mean  time  at  Greenwich, 


•  Sta  tht  N9ii$  1 , 3,  And  3  St  ths  end  of  the  Istt  JUm^^  ps«6  4€0. 
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at  the  moment  of  its  last  comparison  with  the  watch  on  Marcl 
loth,  is  0Tu5'&1'  ;  which  reduced  to  noon  is  0TS5!54!,  or  5Sr9. 
niid  tliercforc  tubtractive  ; — and  its  duly  rw/e  is  0:2M  j  which 
to»inff  rate,  and  therefore  addtlire. 

Remark. — In  the  above  Prohlem  it  ii  not  indispeniabljr  nece 
thut  the  latitude  of  the  place  and  the  value  of  the  sun's  decUn 
uhoiild  be  very  rigidly  determined ;  because,  as  tliose  etememlM  arc 
-employed  in  taking  out  the  equations  from  Tables  XIII.  and  XV 
trifling  i-rroT  tlierciii  will  not  seniiibly  affect  the  value  of  the  read 
equatiun  of  tlic  equal  altitudes ;— neither  is  the  adjiutment  a 
sextant  of  any  great  importance ;  provided,  always,  that  it  ii  cq 
correct,  and  shows  the  same  angle  at  both  observations. — ^And  tl 
is  manifest,  that  th»above  is  the  rery  best  method  that  caji  be  »do 
by  persons  no;  pouemnff  a  irannt  itutrument^  for  finding  the  emn 
the  rate  of  a  chronometer. 


To  find  the  Etror  and  the  Rate  of  a  Chronometer  by  tingle  AHUm 
of'  the  Sun. 

RrLE. 

In  the  forenoon,  or  afternoon,  when  tlip  sun  is  nearly  in  the  pi 
vertical,  or  nt  a  proper  distance  from  the  meridian,  let  several  altit 
of  his  lower  limb  be  observed  on  shore  by  means  of  a  sextant  am 
artificial  hori/cin,  and  the  correspiuiiling  times  per  watch  noted  do 
this  mnchtiie  being  nearli/  regulated  to  mean  time  at  the  given  pUc 
Tlte  sum  of  the  altitudes  divided  by  their  number  will  give  th«  n 
altitude ;  and  the  sum  of  the  times  i>o  divided,  will  give  the  mean  i 
|)cr  watch.  Ucdnce  this  to  the  meridian  of  Greenwich  by  Prot 
III.,  page  'S4'2  ;  to  which  let  the  sun's  declination  be  reduced  by  1 
blem  XIV.,  page  357 ;  and  tlie  equation  of  time  by  the  Rule  in  ] 
427. — Ueduec  the  double  altitude  of  the  sun  to  the  true  cei 
altitude  by  Problem  XXVII.,  page  ;}79.— Then, 

With  the  sun's  true  altitude,  his  reduced  declination,  or  poba- 
tance,  and  the  latitude  of  the  place  ;  compute  his  horary  distance  f 
the  meridian  by  Method  V.,  page  434. 

Now,  If  the  observation  be  made  iu  the  afternoon,  the  sun's  hoi 
distance  will  be  the  afpareni  time  j  but  if  in  tlie  forenoon,  its  difTen 
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to  24  hours  will  be  the  a/pareni  time :  to  tbit  apply  th«  reduced  equntion 
of  time^  as  directed  in  page  I.  of  the  month  in  tlie  Nautical  AlmaBaa, 

'  and  the  result  will  be  the  correct  mean  time  of  observation  :  the  differ7 
ence  between  which  and  tha  mean  of  the  times  per  watch  will  be  the 
error  of  this  machine.  To  the  time  indicated  by  the  watch  at  its  hit 
comparison  with  the  chronometer,  apply  the  error  by  addition  if  it  be 
sloWf  or  by  subtraction  if  fast;  the  sum  or  difference  will  be  the  true 
nfiean  time  at  that  comparison.  To  this  let  the  established  longitude 
of  the  place,  in  time,  be  added  if  west,  or  subtracted  if  east ;  and  the 
result  will  be  the  correct  mean  time  at  Greenwich  : — then,  the  differ- 
ence between  this  and  the  time  shown  by  the  chronometer  at  the  iast 
comparison^  will  be  its  error  for  mean  time  at  Greenwich  :  which  will 
he /ait  when  the  chronometer  time  is  the  greatest;  otherwise,  it  will 
be  sbnv, — Repeat  this  operation  on  Bome/uture  day,  and  as  near  to  the 
same  hour  as  possible ; — then,  the  difference  between  the  two  errors^ 
so  determined,  being  divided  by  the  number  of  days  contained  in  the 
interval  between  the  observations,  will  be  the  daily  rate  of  the  chro- 
noBieter  on  the  supposition  of  an  uniform  motion :  — and  to  know  whether 
it  is  a  losing  rate  or  a  gaining  rate,  see  the  last  paragraph  in  the  precede 
ing  Rulej  page  468.  Hence^  the  error  and  the  rate  of  the  chronome- 
ter  will  be  correctly  established.     Reduce  the  error  to  noon^  and  it  will 

-  be  a  constant  quantity  to  be  applied  to  all  the  future  times  shown  by 
the  same  machine. 

Remark, — ^The  watch  should  be  carefully  compared  with  the  chro- 
nometer immediately  before  and  after  the  observation  ;  and  the  times 
indicated  by  both  machines  written  down :  if  the  same  difference  be 
0eea  at  each  time,  it  will  be  a  proof  that  the  watch  has  gone  equally  in 
the  interval  between  the  moments  of  ol)servation  and  comparison. 

The  index  error  of  the  sextant  must  be  truly  determined ;  and  the 
position  of  the  place  of  observation  correctly  established ; — its  longi- 
tude ought  to  be  known  to  the  sixtieth  part  of  a  second. 

Example 

May  1st,  1836,  at  a  point  in  the  vicinity  of  Cadiz,  and  under  the 
meridian  of  the  observatory  of  St.  Fernando,  the  latitude  of  which 
point  is  36?27n6?  north,  and  its  Ipngitude  6?12:i6ir  west,  or 
0*24T49f6!  ;  the  following  altitudes  of  the  sun's  lower  limb  were 
observed  in  an  artificial  horizon :  the  index  error  of  the  sextant  was 
1 C20T  addHive. — Previous  to  the  observation  the  watch  M'as  compared 
with  the  chronometer  3  the  time  shown  by  the  former  was- 4^10715!, 


mc  rr  -M  'jBcr  4'»«*44'  -  inil.,  mher  the  ofaacmtkn,  wlnl 
vTCLzz  •ai:««7L  4  ^?*i:  .  -J>f  cSnvDoaicter  indicrtgd  5M7*40?;1 
difir^xir^-  ^i:..  '.'^4""2^'.  iwiir  t^  sune  at  botli  compftrisoufi i 
rrox  ituiu  rtif  "ncri  wssr  utufcrak  Aannf  tlie  iaterTd.^-Noir,  bi 
iiizfK  fmitssus-  ine  errar  nf  uie  clii uauiBcter  is  required. 


hmf  ;.-..:fe-  ttt  ftu.  ^^aj^^SJ*'         Ah.  of  sjin\  limb  =  53?46:3 

.  .  53.22.3 
.  .53.10.3 
.     .  52.5&3 


I^.t: 4.iS.  a?  Ktto  . 

rVr: :       ....  4.  d&  2^  Ditto  • 

I>--Ts^       .     .  .  4.aR.5cr  IMtto  . 

D.-n:       ....  4.27-2?  Ditto   . 


>— =      iS'!-2-ai?'  Sum=s    -     266^54:11 


Mr  -^n-'f  r^r  vT.:yr=  4'i56*2?'0       M«m  altitude  =   .     .  53?22'5I 
L.trx  :'f^?7*J»>"<''^-  Index  error       ...      + 1'* 

Ote.  double  angle  rr  53?24:« 


0.24.49.6 


Grf-fcw.ri  r^e  =  .  4'ol-ir'6 


Son*  obserred  alt.  .  26^42^  i 
S;:r.  »ocv.  bZ  T»>z.  Sun*»     semidiameter     +  15-3! 

MiT  !>:,      .     .loMOirN. 

Cvrr^-.-.  r.         fv  r  Sun's  apparent  alt.     .  26?57-5l 

4\M-ir  6    =       -3.:^  *^fr*^=^-^*'XDiff.  1.4i 


Sun's  red.  dec.     .  15"  13. 59' 


Parallax  0.   8  J 


Suu'$  N.  pol.  dl*t.  74 "-16.    1 ! 


Sun's  true  altitude  =  26?56MI 

Equa.  of  time  at 

noon,  May  1=    3:  6!  8!  A 
Correction         for 

4*51-17:6!    =        +1.29 


.  Red.  equa.  of  time    37  7*37!  Si 
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To  find  lihe  Hour  Angle  and  the  Error  of  the  Chronometer. 

Sun's  true  altitude  s  .     .  26?56: 15: 

Son't  north  polar  distance  74. 46.    1     Log.  co-secants  .    0. 016533 

Latitude  of  the  place       .  36. 27- 15    Log.  secants  ,    I    0. 094664 


Sum  =  . 


.  138?  9^31 r 


Half  sum     .    .  69?  A'Ao^l  Log.  co*sine  s  .    9.562760 
Remainder  .    •  42.   8.30^    Log.  sine  =    .    .  '  9.8^6702 


Sums 19.489569 


Arch 


33?45:13?  Logsine=     •    .    9.744779| 


Hour  angle  =    ....  67?30^26r«  4*30?  l!44;  Jppareni  time. 
Reduced  equation  of  time,  subiractwe  =s  —  3.   7»  29 


Correct  mean  time  of  observation     «     .  4t26T54?15! 
Time  of  observation  per  watch  =      »    .4. 26. 28.  0 


Error  of  the  watch  for  mean  time  =     .  +  0T26!  15!  Slaw. 
Time  per  watch  at  last  comp.  with  chron.  4. 53. 1 1 .  0 


•         . 


Correct  mean  time  at  comparison      .     .  4!53T37- 151 
Estab.  long,  of  the  place,  west,  in  time=s  +0. 24. 49.  *  6 


Correct  mean  time  at  Greenwich  =       .  5M8?26!21f 
Mean  time  by  chron.  at  last  comparison  5. 17*  40.   0 


Error  of  the  chron.  for  Greenwich  time=:      0746.*21 '  Slow. 


Again . 

May  22nd,  1836,  at  the  same  place,  the  mean  of  several  altitudes  of 
the  sun's  lower  limb,  viz.,  the  double  angle,  as  seen  in  an  artificial 
horizon,  was  58?41f8'.',  and  the  mean  of^an  equal  number  of  noted 
iimes per  watch  4*23"49!  ;  and  the  index  error  of  the  sextant  1'20'' 
addiiive. — After  returning  on  board,  the  watch  was  compared  with  the 
chronometer,  the  time  shown  by  the  former  was  4*.53T16?,  and  by  the 
latter  5*16:54!  (the  difference,  viz.,  0*23?39f;  being  the  same  that 
was  found  at  the  comparison  previous  to  observation) :  rec^uired  the 

H  H 
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errcr  of  the  cbfOMMBcier  for  ncu  tiine  at  GfccawiA,  muk  abo  its 
daily  rale  of  going  ? 

Tune  of  obserr.  per  ;  Sui'a  ledL  dedin.^  90*291 27^11. 

watch*:.    .    .    4^23T49!0: 

Long,  of  the  place.  Son's    north    polar 

ice»/=      ...    0.24.49.6    j      dirtaace  =     .     .  69^30'. 33T 

]  Reduced    equation 

Greenwich  time  =     4t48?38!6f  .     of  time  =    *.    3730!55!ja». 

The  double  obs.  angle  58:41  '8'  being  cor.  for  index  error,  and  theo 
red.,  ahowa  the  sun's  true  alt.  to  be  29?35:31  r 

Sun's  north  polar  distance  =      .    69. 30. 33    Lc^.  co-secO.  028387 
I^ititade  of  the  given  place  =    •    36. 27*  15     Lc^«  secant  0.  Q94fi64 


8iun=> 135?33a9r 


Half  sum  =         .     .     .    67^46^39i7Log.co-8ine  9.57772& 
Remainder  =      .         .    38.  IL   8i  Lc^.  sine      9. 7911$7 


Sum=     .  19.491811 


Arch= 33?5Knr    Log.  sine  =  9. 746905* 


Hour  angles        67?42:22:=4!27*  9!32;  4p. /une. 

Reduced  equation  of  time,  iubtract'we  =    .     .        3. 39. 55 


Correct  mean  time  of  observation  es  .     •     •    4t23?29!37! 
Time  of  observation  per  watch  =        .     •     .     4. 23.  49  — 


Error  of  the  watch  for  mean  time=r      .     .     .     —0719? 231  Fast. 
Timeper  watchat  last  comparison  with  chron.=4. 53. 15.   0 


Correct  mean  time  at  comparison^    .     .     .     4?52T55?37- 
Ebtablished  long,  of  the  place,  tre«/,  in  time=:  +0. 24. 49.   6 


Correct  mean  time  atGreenwich=      •     •    •     5M7"'14f43f 
Mean  time  by  chronometer  at  l<ut  comparison=5. 16. 54.   0 


Error  ofthe  chronometer  forGreenwich  times        Or50!43!  8Iw. 
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To  find  the  daily  Rate  of  the  Chraaometer. 

May  1  St,  1836,chron.  slow  for  mn.  time  at  Greenwich  0?46f 21 '. 
Ua.y22nd,  ditto  ditto 0.50.43 


Difference  in  the  interval  between  the  observations »  4f23f  of  4t967« 
Now,  this  being  divided  by  21  (the  number  of  days  in  the  interval}^ 
the  quotient,  or  0. 206,  is  the  actual  daily  rate^  loHng,  on  the  supposi* 
tion  of  an  uniform  motion  ]  which  rate  is  additive,  for  the  reason  shown 
in  the  second  part  of  the  last  paragraph  of  the  Rule  in  page  458« 
Hence,  the  error  of  the  chronometer  for  mean  time  at  Greenwich^  at 
the  moment  of  its  comparison  with  the  watch  on  May  22nd,  is  50!  43! 
slala^  which,  reduced  to  noon  of  that  day,  it  50  f  40  f  elaw;  and  there-> 
fore  additive  to  the/uture  times  shown  by  the  chronometer :— And  the 
dailff  rate  of  the  machine  is  0!208,  which  is  additive,  because  it  is  a 
iaeinff  rate.         * 

The  uniformity  of  the  rate  may  be  satisfactorily  proved  by  repeating 
the  above  operation,  agreeably  to  the  directions  contained  in  the  tkbrd 
paragraph,  reckaninff /rom  the  bottom  of  the  preceding  Rule,  page  463, 

With  a  chronometer  whose  error  and  rate  have  been  thus  duly  esta- 
blished on  board  the  ship  to  which  it  belongs,  and  whose  daily  gain,  or 
loss,  is  perfectly  uniform,  the  navigator  may  proceed  to  sea  with  the 
most  unbounded  confidence  ;  for,  by  means  thereof,  the  longitude  of 
his  ship  may  be  correctly  determined  in  any  part  of  the  ocean,  so  long 
as  its  rate  remains  unaltered.  Whereas,  by  carrying  a  chronometer 
on  board  a  ship  after  its  error  and  rate  have  been  settled  at  any  obser- 
vatory on  shore,  and  then  trusting  to  its  correctness,  the  longitude 
deduced  therefrom  may  be  out  60  or  80  miles  before  the  ship  is  thirty 
days  at  sea ;  for,  as  stated  in  page  454,  the  removal  of  a  chronometer 
always  alters  its  daily  rate. 

Remarks.'^The  position  of  a  celestial  object  most  favourable  for 
determining  the  mean  time  with  the  greatest  accuracy,  is,  when  it  is 
in  the  prime  vertical ;  that  is,  when  it  bears  either  due  east  or  due  west 
at  the  place  of  observation,  or,  if  it  be  circumpolar,  when  it  is  in  that 
part  of  its  diurnal  path  which  is  in  contact  with  an  azimuth  circle  * 
viz.,  when  the  log.  sine  of  its  altitude  =  log.  sine  of  the  latitude  + 
radius  — *  log.  sine  of  its  declination ;  because,  then,  the  change  of 
altitude  is  quickest,  and  the  extreme  accuracy  of  the  latitude  not  very 
essentially  requisite;  The  nearer  a  celestial  object  is  to  either  of  these 
positions,  the  nearer  will  the  time,  deduced  from  its  altitude,  be  to 
the  truth ;  as^  then,  the  unavoidable  small  errors  which  generalty  creep 
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into  the  observations^  or  a  few  miles  di£Eerence  in  the  latitude,  w3l 
have  little  or  no  effect  on  the  resulting  time. 

Table  XLVII.  contains  the  time  or  distance  of  a  celestial  olgeet 
from  the  meridian  at  which  iti9  altitude  should  be  obaenred,  in  order  to 
determine  the  apparent  time  with  the  greatest  accuracy ;  and  IVbk 
XLVIII.  contains  the  corresponding  altitude  most  advantageoos  far 
observation.  But,  since  those  Tables  are  adapted  to  the  deriinatinn 
of  a  celestial  object  when  it  is  of  the  same  name  with  the  latitude  dL 
the  place  of  observation,  they  will  not,  therefore,  indicate  other  the 
proper  time  or  the  altitude  when  those  elements  are  of  contrary  dciKH 
minations :  in  this  case,  since  the  sun  or  other  celestial  object  cobni 
to  the  prime  vertical  before  it  rises,  and  therefore  does  not  bear  dae 
east  or  west  while  above  the  horizon,  the  observation  for  determinta^ 
the  apparent  or  mean  time  from  its  altitude  must  be  made  while  the 
object  is  near  to  the  horizon ;  taking  care,  however,  not  to  teift  as 
altitude  for  that  purpose  under  3  or  4  degrees,  on  account  of  the  un- 
certain manner  in  which  the  atmospherical  refraction  acts  upon  veiy 
small  angles  of  altitude  observed  adjacent  to  the  horizon.— See  expla- 
nation to  the  above-mentioned  Tables,  pages  119  and  120. 


Problem  III. 

Given  the  Latitude  of  a  Shipy  or  Place ^  and  the  Observed  Altitude  qfthe 
Sun's  Lower  Limb;  to  find  the  Longitude  by  means  of  a  Cknmameter. 

Rule. 

Let  several  altitudes  of  the  sun's  lower  limb  be  observed,  at  a  proper 
distance  from  the  meridian,  and  the  corresponding  times  per  watch 
that  shows  seconds,  noted  down ;  of  these  take  the  means  respectively. 

As  the  chronometer  must  not,  on  any  account,  be  disturbed  or  taken 
on  deck  for  the  purpose  of  noting  the  time  indicated  thereby  i  there- 
fore, let  a  good  pocket-watch  be  carefully  compared  therewith  imme* 
diately  before  the  observation,  and  the  tiivies  shown  by  each  written 
down  :  and  it  will  be  prudent  to  make  another  comparison  after  the 
observation,  so  as  to  be  satisfied  that  there  has  been  no  interruption, 
or  stoppage^  in  the  movement  of  the  watch. 

Find  the  interval  shown  by  the  watch  between  the  moment  of  earn* 
parison  and  the  mean  of  the  times  of  taking  the  altitudes ;  which  add 
to  the  time  indicated  by  the  chronometer,  if  the  comparison  be  made 
hrfore^  but  subtract  therefrom  if  qfter,  the  observation ;  the  Bum,  or 


OF  FINDING  THE  LONOITUDB  BY  A  CHRONOMBTBR.  409 

difference^  wiQ  be  the  time  per  chronometer  of  observing  the  mean 
altitude.  To  this  apply  its  original  error ^  by  addition  if  $low,  or  sub- 
traction if  /a$i;  and  also  its  accumulated  rate,  affirmatively  if  toeing , 
or  negatively  if  ^oiiitn^  ;  and  the  result  will  be  the  correct  mean  time  of 
observation  at  Greenwich,  according  to  the  chronometer.  To  the  Green- 
wich time^  thus  known^  reduce  the  sun's  declination^  and  the  equation 
of  time,  by  Problem  XIV.,  page  357-  And  let  the  mean  altitude  of 
the  sun's  limb  be  reduced  to  the  true  central  altitude  by  Problem 
XXIIf.,  page  374.— Then, 

With  the  sun's  true  central  altitude,  its  polar  distance,  and  the 
latitude  of  the  ship,  or  place,  compute  the  mean  time  of  observation 
by  Problem  II.,  page  435..  Now,  the  difference  between  this  and  the 
mean  time  of  observation  at  Greenwich,  per  chronometer,  will  be  the 
longitude  of  the  place  of  observation,  in  time : — East,  if  the  time  at 
that  place  be  the  greatest ;  otherwise,  u^ev/  :  which  convert  into  motion 
or  degrees  by  Problem  II.,  page  342. 

Note  ]  .—It  will  be  advisable  to  adopt  the  general  practice  of  compar- 
ing the  watch  with  the  chronometer  previous  to  the  observation ;  be- 
cause this  will  conduce  to  the  uniformity  of  the  calculation,  and  it 
will,  moreover,  be  the  means  of  preventing  the  computer  from  falling 
into  an  error  in  going  through  with  the  work. 

2.  The  accumulated  rate  is  found  by  multiplying  the  daily  rate  of 
the  chronometer  by  the  number  of  days,  and  parts  of  a  day,  that  may 
have  elapsed  between  the  noon  of  the  day  on  which  thejyror  and  rate 
of  the  machine  were  established,  and  the  mean  tigj^^fTq^servation  on 
the  given  day. 


Examp 

At  sea,  June  10th,  1836,  in  latft«d€^0?15^0r  souths  the  mean  of 
several  altitudes  of  the  sun's  lower  limb  was  12?  10' 4^,  and  the  mean 
of  the  corresponding  times  per  watch  20*2T16!  ;  the  height  of  the 
eye  above  the  level  of  the  sea  was  23  feet,  and  the  index  error  of  the 
sextant  0145^  subtractive. — Immediately  before  the  observation,  the 
watch  was  compared  with  a  chronometer,  the  error  and  rate  of  which 
were  established  the  15th  March,  1836,  on  which  day,  at  noon,  it  wan 
55!  9  fast  for  mean  time  at  Greenwich,  and  losing  daily  at  the  rate  of 
Of 294.  At  the  moment  of  comparison,  the  time  indicated  by  the 
watch  was  19*58754!,  and  by  the  chronometer  13*58726!  (the  times 
shown  by  the  machines  are,  of  course,  increased  by  12  hours)  3  required 
the  longitude  of  the  place  of  observation  ? 
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Mean  of  the  times  of  observation  per  watches    .     .     «     .    20t  2*16! 
Time  shown  by  watch  at  comparison  with  chronometers^     19. 58.  H 


Interval  between  comparison  and  observations*       •     .     •   +0*  3^' 
Time  indicated  by  chronometer  at  comparisons    .     •     .     13. 58. SS 


Time  per  chronometer  of  observing  the  mean  altitude^  14?  1T4B! 
Original  ^rror  of  chronometer=  .  .  55 ' 9 /asi^  or  •  .  —56. 
Accumulated  rate=  0!294x87i  days=25!7  tow,  or       .     .         +26 


Correct  mean  time  of  observation  at  Greenwich  =      •     •     14!    1718! 

The  sun's  declination  reduced  to  the  mean  time  at  Greenwidi  ii 
23?5:32r  north,  and  tlie  equation  of  time  0T50!,  taken  to  the  Monif 
second;  which,  for  the  present  purpose,  is  sufficiently  near  to  tba 
truth. — And,  the  observed  altitude  of  the  sun's  lower  limb,  reduced  to 
the  true  central  altitude,  i&  12?16^22r 


To  compute  the  Mean  Time  at  Ship,  and  the 

Sun's  true  central  altitude  a     .     12?16'227 

Sun's  south  polar  distance  =      .  1 13.   5. 32  Log.  co-aemnt  0. 09617 1 

Latitude  of  the  ship  =      ...     30. 15.   0  Log.  secant      0.063569 


Sums 155?36:54rConstnntlog.  6.301030 


Half  sum  =   ....    77°48t27^Log.  co-sinc    0.334687 
Remainders     .     .     .    65.32.   5  Log.  sine  9.959143 


Sun's  hor.  distance  from  tlie  meridian^  3t  55T42 ? Log.  rising5. 684/0,0 


^^f^^oftfn/ time  of  observation  ==       .     20*  4T18f 
Reduced  equation  of  time,  #t/6/racftres  _  0.50 

Mean  time  of  observation  =       .     .    20t  3T28! 
Mean  time  of  observ.  at  Greenwich  «=  14.    1.18 


Longitude  of  the  ship,  in  ihne  «      .      6^  2rlO'»90?32:dOr  ^$$t. 
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Pboblbm  IV. 

43i9}en  the  Latitude  of  a  S/Up,  or  Place^  and  th9  Ob$ervifd  Altitude  pf 
the  Mom'e  Upper  or  Lower  Umb  i   to  Jind  the  Longitude  bg  n 

Chronometer. 

Rule. 

Let  several  altitudes  of  the  moon's  limb  be  observed^  when  she  is 
at  a  proper  distance  from  the  meridian,  and  the  corresponding  times^ 
per  watch  that  shows  seconds,  noted  down ;  of  these  take  the  meanp 
respectively. 

Thea  prpceed,  as  directed  in  the  second  and  third  paragraphs  of  the 
preceding, Rule,  until  the  correct  mean  time  qf  oluerpationai  Qreefuei^^^ 
per  chronometer,  is  found  :— To  this  time  reduce  the  mean  sun's  right 
BflceotioD  by  PDoblem  V*,  pagf  tH^.*  To  t)»e  same  time  let  the  Biodn's 
Beoiidiaiiieter  end  bori^sonta)  perellaB  he  redfited  \vf  PffMem  XV ^ 
9ugfi  a6Jf  eii4  her  right  eeeentioB  end  deejUMtum  \ff  PMU^m  XVIi^ 
pe^e  3M.  Af^Af  let  the  df^f^etved  eltitode  of  her  Umh  be  viidueed  10 
the  tnie  amtral  altitii^e  \xf  Prpbtem  XXIV.,  page  KQ.^Viim. 

WiA  the  mooB's  tme  eentevX  eltituile»  her  reduetd  4ec)iiietkNif  m 

polar  distance,  and  the  latitude  of  the  ship ;  compute  the  mean  time 
of  obsenratioQ  by  Problem  III.,  page  ASIf^'^'Udw^  thf  diference  be- 
tween this  and  the  mean  time  qf  observation  at  Or^mwicb>  ^T  chrooop 
jueter^  will  be  the  longitude  pf  the  place  of  obsejrvetion^ip  tjme  i-^Eqst^ 
if  the  tiiue  at  that  plaee  be  the  greatest;  otherwise^  we^tz  whUrh  CQV^ 
vert  into  motion,^  or  degrees,  hy  Problem  II.,  page  842. 

See  ^otea  1  and  2,  Ajt  bpttop  of  the  preceding  Rule^  pagQ  469. 

ff^ample. 

ABgBSt  1st,  laSfij.ia  leiitude  SiD?48<.  north,  the  nieaa  pf  several 
altjtiiHpB  x>f  the  moon's  upper  limb,  east  of  the  meridian,  was  27^31  ^32^" 
end  the  mean  of  the  eorreepoudipjg  times,  pi^r  wAtch,  I3^5T)0; ;  th# 
height  of  the  eye  above  the  level  of  the  hiorizpn  was  I?  feet;  aad  tki 
index  error  of  the  sextant  2'.2b'i  additive.  Immediately  before  the 
observation  the  watch  was  cuBipared  with  A  cbroopmeter,  the  ^rror 
and  rate  of  which  \i*ere  established  on  the  22nd  May  1836,  on  wUcl^ 
day,  at  noon,  it  was  50^7  slow  tor  mean  time  at  Greenwich,  and  losing' 
daily  at  the  rate  of  0'208:  et  the  moment  of  comparison  when  the 


■■► 


•  Sc»  AtAHe  ^>  p«6»  313,  ndMve  to  the  mnm  eaa'f  f  ght  SMBtioB. 
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watch  showed  13^2'r4?,  the  chronometer  indicated.  17i37"13';  R- 
quired  the  longitude  of  the  place  of  obeeriGiitioa  ? 

Mean  of  the  times  of  observation,  per  watch  =       •     •     •     13t  5?10' 
Time  shown  by  watch  at  comparison  with  chronometer  »   13.  2.  4 


Interval  between  comparison  and  observation  =      ,     ,     .   +0'  3?  6! 
Time  indicated  by  chronometer  at  comparison  s    .     .     .     17*  37- 13 

Time,  per  chronometer,  of  observing  the  mean  altitude  =     ]7^40?21! 
Original  frror  of  chronometers      •    50*7  ^^^y  or »     •     •         +51 
Accumtilaiedrate=0'.2O8x7li  dhys=]4:9h9s, or  .     .     .         +13 


Correct  mean  time  of  observation  at  Greenwich  ==      «     .     17Mir97' 

The  mean  sun's  right  ascension  reduced  to  the  mean  time  at  Oreen* 
wich  is  8*43?24?  to  the  nearest  second.  The  moon's*  reduced  semi- 
diameter,  corrected  for  augtneniatumf  is  15'30T,  and  horizontal  paial- 
lax  56'53^ ;  her  reduced  right  ascension,  taken  to  the  nearest  eeeoai^ 
is  1MT36!,  and  declination  3?a3'46r  north.  And  the  observed  alti- 
tude of  her  upper  limb  reduced  to  the  true  central  altitude  ia  38?S'8? 

To  compute  the  Mean  Time  at  Ship,  and  the  Longitude. 

Moon's  true  central  altitude  =      .    28?  3'  8r 

Moon's  north  polar  distance  =      •    86.  6. 14  Log.  co-see.  0«  001003 

Latitude  of  the  ship,  or  place  =     •    50. 48.  0  Log.  secant  0. 19926S 


Sum= 164?57^22rC;onst.  log.   6.3010SO 


Half  sums       ....    82?28MirLog.  co-sine  9. 110959 
Reminders     ...«    54.25.33  Log. sine     9.910283 


Moon's  hor.  dist.,  east  of  the  merid .  =  3  M 4?  6  f  Log.  rising    5. 528540 
Moon's  reduced  right  ascension  =        I.    1.36 


Right  ascension  of  the  meridian  =     21  *47"30! 
Mean  sun's  reduced  right  ascensions  8.43.24 


Mean  time  of  observation  =       •     .     13*  4T  6f 
Mean  time  of  obser>'.  at  Greenwich=  1/.  41 . 27 


Longitude  of  the  ship,  in  time  t-,    .     4t37"21  •=69?20f  15r  west. 
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iVb/e.— The  horary  di$iance  is  determined  by  Method  I.,  page  430, 
this  being  the  most  concise  and  uniform  mode  of  computation. 


Problem  V. 

Oiven  the  Latitude  of  a  Ship,  or  Place,  and  the  Observed  Altitude  of 
a  Planet' 0  Centre;  to  find  the  Longitude  by  a  Chronometer,  or  Time^ 
keeper. 

Rule. 

.  Let  several  altitudes  of  the  planet's  centre  be  observed,  when  it  is 
at  a  proper  distance  from  the  meridian,  and  the  corresponding  times^ 
per  watch  that  shows  seconds,  noted  down ;  of  these  take  the  means 
respectively. 

Then  proceed,  as  directed  in  the  second  and  third  paragraphs  of 
the  Rule,  for  the  sun,  Problem  III.,  page  468,  until  the  correct  mean 
iime  of  observation  at  Greenwich,  per  chronometer,  is  found :— «To 
^rhieh  time  let  the  mean  sun's  right  ascension  be  reduced  by  Problem 
V.y  page  344  ;*  and  also  the  geocentric  right  ascension  and  declina- 
tion of  the  planet,  by  Problem  XVII.,  page  366 ;  and  let  the  observed 
altitude  be  reduced  to  the  true  altitude  by  Problem  XXV.,  page  377* 
—Then, 

With  the  planet's  true  altitude,  its  declination,  or  polar  distance, 
and  the  latitude  of  the  ship,  compute  the  mean  time  of  observation 
by  Problem  IV.,  page  439. — Now,  the  difference  between  this  and  the 
MtfOfi  time  of  observation  at  Greenwich,  per  chronometer,  will  be  the 
longitude  of  the  place  of  observation,  in  time : — East,  if  the  time  at  such 
place  be  the  greatest;  otherwise,  west :  which  convert  into  motion,  or 
degrees,  by  Problem  II.,  page  342. 

See  Notes  1  and  2,  at  bottom  of  the  Rule  to  Problem  III.,  page  469* 

» 
ExamplCm 

At  sea,  March  Ist,  1836,  in  latitude  26?  40'  south,  the  mean  of 
several  altitudes  of  the  centre  of  Jupiter,  west  of  the  meridian,  was 
23^  14' 43^,  and  the  mean  of  the  corresponding  times,  per  watch, 
10*51  Tl3!  ;  the  height  of  the  eye  above  the  level  of  the  horizon  was 
18  feet ;  and  the  index  error  of  the  sextant  2'20t  subtractive. — Imme- 


*  See  Article  37,  page  313,  relaUre  to  tbe  m«afi  sun's  right  ascension. 
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diately  before  the  obiervatioD,  the  watch  was  compared  with  a  dro- 
noiueter^  the  error  and  rate  of  which  were  estahliahed  the  lat  Jmunj^ 
1836;  on  which  day,  at  noon,  it  was  3?51?  slaw  for  mean  time  at 
Greenwich,  and^amtn^  daily  at  the  rate  of  0!4I. — At  the  moment  of 
comparison,  when  the  watch  showed  10*47*54!,  the  chronometer  in- 
dicated 6*34T10! ;  required  the  longitude  of  the  place  of  obsenration  ? 


Mean  of  the  times  of  observation  per  watch  ss    .     .     ,     ,  10!51?1S' 

Time  shown  by  watch  at  comparison  with  chronometer  »  10. 47.54 

Interval  between  comparison  and  observation  =     •     •     .  Ot  STI9'. 

Time  indicated  by  chronometer  at  comparison  ==    .     .     .  6. 34. 10 


Time,  per  chronometer,  of  obser^'ing  the  mean  altitude  ==       6f  37?S9! 
Original  error  of  the  chronometer      .    3T51!  ilow  ss  .     .        ^  3.51 
Accumnlaled  rale=0  f  4 1  x  60i  days  z=       24 1 7  ffoin^  or    .        —  a  IS 

Correct  mean  time  of  observation  at  Greenwich  :=      •     •       6^40?5S' 

The  meati  sun's  right  ascension  reduced  to  Oreenwidi  time  is 
22^38T32'  to  the  neareit  second ;  the  geocentric  right  Roeeuami  rf 
Jupiter  is  GV25r33!,  and  his  declination  23?30^89r  north,  each  tafaa 
to  the  nearest  second.  The  observed  altitude  of  the  plaaet  reduced  l» 
the  true  central  altitude  Is  23?6^8r 

To  compute  the  Mean  Time  at  Ship,  and  the  Longitude. 

Jupiter's  true  central  altitude  =:      .    23?  6'  8^ 

Jupiter's  south  polar  distance  =s       .113. 30. 39  Log.co-sec  0.  OSTSSt 

latitude  of  the  ship  =       ....    96.40.  0  Log.6ecant0.04aMI 

Saras ]fi3?16M7'CoDst.log.6.a0l€M 

Half  sum  = 8i?38^23irL.oo-Bine9.  I68M8    i 

Remainder  =      ....     58. 32. 15^  Log.  siue  9. 930940 

Jupiter's  hor.dist.,ir^«/ of  the  merid.=  3*  3"  9'   L.  rising  5.48099^7 
Jupiter's  geocentric  right  ascension  s    6. 25. 33 

Right  ascension  of  the  meridian  ss     •    T^  28^42  • 
Mean  sun's  reduced  right  ascension^  22. 38. 22 

Mean  time  of  observations:    •     .     .     10^50?20' 
Mean  time  of  observ.  at  Greeriwich=     6.  40.  55 


Longitude  of  the  ship,  in  time  -       .    3*  9"25:47?21 :  IST  Ji^ist. 
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Note. — The  horary  dUianee  is  determined  by  MeUnMl  h,  page.  490, 
because  of  its  un^orwiiy  and  concUeneis. 


Problem  VL 

Given  the  Latitude  of  a  Ship,  or  Placey  and  the  Observed  Attitude  of  a 
Fixed  Star  ;  to  find  the  Lonffitude  by  o  Chrtmo$Mter^  or  Timekeeper. 

Rule. 

Let  several  altitudes  of  the  star  be  observed,  when  it  is  at  a  proper 
distance  from  the  meridian,  and  the  corresponding  times,  per  watch 
that  shows  seconds,  noted  down  ;  of  these  Uike  the  means  respectively. 

Then  proceed,  as  directed  in  the  second  and  third  paragraphs  of 
the  Rule  to  Problem  III.,  page  468,  till  the  correct  mean  time  qfj^bierr 
potion  Ki  Greenwich,  per  chronometer,  is  found  ;  to  which  time  let 'the 
mean  sun'ii  right  ascension  be  reduced  by  Problem  Y.,  pflge  344.* 
And  let  the  observed  altitude  of  the  ^tar  be  reduced  to  the  true  alti- 
tude by  Problem  XXVI.,  page  378.  Take  the  right  ascension  and 
declination  of  the  star  from  the  Nautical  Almanac,  between  pages  368 
and  407.  Then,  with  the  -star's  tnac  altitude,  its  declination,  or  polar 
distance,  and  the  latitude  of  the  ship,  or  place,  compute  the  mean  time 
•f  observation  by  Problem  V.,  page  441. — Now,  tb«  difference  between 
this  and  the  mean  time  of  observation  at  Greenwich^  per  chronometer, 
will  be  the  longitude  of  the  place  of  observation,  in  time : — East,  if  the 
ftitnf  at  such  place  be  the  greatest ;  otherwise,  toest :  wbidi  convert 
into  motion,  or  degrees^  by  Problem  II.,  page  342. 

See  Noies  I  and  2,  at  bottom  of  the  Rule  to  Problem  III.^  page  469. 

Example. 

At  sea.  May  1st,  1836,  in  latitude  40  ^'SO'  northt  th$  mean  of  se«'er«l 
altitudes  of  the  star  Regules,  e*f^/  of  the  meridian,  was  20?43!38'',  and 
the  mean  of  the  corresponding  times,  per  watch,  12M4T12!;  the 
height  of  the  eye  above  the  level  of  the  horizon  was  22  feet ;  and  th^ 
index  error  of  the  sextant  1  [  lOT  additive.  Immediately  before  the 
observation,  the  \Vatch  was  compared  Avith  a  chronometer,  the  trroir 
and  rate  of  which  were  established  the  1st  January,  1836;  on  whicb 
day,  at  noon,  it  was  2"58!  fast  for  mean  time  at  Greenwich,  and  lo8in§ 
daily  at  the  rate  of  0!  125.  At  the  moment  of  comparison,  the  watcli 
showed  12!  10?46!,  and  the  chronometer  16MbTt55!  ;  required  the  Ion* 
gitude  of  the  place  of  observation  ? 


TTT" 


*  8rt  Article  37,  pfcge  313,  felattve  to  ffit^  mnn  fun^fl  right  asotiuifon. 


T»e.  per  ckmooeter.  «f  ii!w  i  liag,  tW  ^na  ahit^e  =     W.i 
Oir=A:  frrv  cf  tbe  AiwwMter     .    .    S?58'  /mat  as        — 
j-t^M.'«:^rcw  =  )>13S>1-il.rdm=lJ:-2faM,or  .       + 

Comcf  BOB  tise  of  ohstiruioB  tf  Gncnvidt  =      .     .     16N 

T^  MMM  »ss*>  rigfat  sKcnnoD  redaccd  to  Greeowidi  t 
'2'fJ^29'  to  tlw  mtmrttt  tmmJ.—Thr  riglit  aKreorioa  of  Blf 
9'3£r3p'  utd  his  dccfinaidoD  I3;46'0'  aottfa,  each  tden  < 
nearest  **coad. — T^t  otMrrrcd  ihitude  of  Regnliu,  tu.,  30?4 
redxcd  to  the  true  altitode.  u  Hn^Jf^'^B: 

To  coapnte  the  Mean  Tunc  it  the  Ship,  and  the  Longitnd 

Star*  tme  ahitade  =       ....    30=3r'49: 

Star'*  nnrth  polar  dUtance  =    .     .     77. 14.    0  L(^.co-8ec.  0. 0 

Latitude  of  the  »faip  =     ....    40. 90.  0  Log.  secant  0. 1 


,  138'ar49"Const.  I<^.  6.3 


Ha!f9um= 69ri0:54i''L(^.co-8L9.a 

Remsinder=     ....     48.33.    3|  Log.sine     9.Q 

Star's  hor.  dist..  irf tt  of  the  merid.  =    4*54T35 '   iMg.  rising 5. 8i 
Star'^  rielit  ascension  =    ....    9. 59. 39 


Right  ascension  of  the  meridian  =      14'54TI4' 
Mean  sun's  reduced  right  ascension=  2. 40. 29 


Mean  time  of  observation  =      .     .     12'13T45; 
Mean  time  of  obseir.  at  Greenwich =16. 49. 18 


Longitulc  of  the  ship,  in  time  =     .     4t35T33:  =C8!53;  15:  We 

X<,te. — The  horary  distance  U  determiDed  by  Method  I.^  pagi 
thia  being  the  most  uniform  nod  concise  mode  of  compatation, 
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^MelHark. — It  frequently  happens  at  sea,  that^  owing  to  clouda/rains, 
1^  other  causes^  ships  are  whole  days  without  profiting  by  the  presence 
f  tiie  sun,  or  obtaining  an  altitude  of  that  object  for  the  purpose  of 
Mfeertaining  either  latitude  or  longitude ;  but  it  must  be  remembered, 
tet  there  are  few  nights,  if  any,  in  which  some  fixed  star,  a  planet,  or 
!•  moon,  does  not  present  itself  for  observation,  as  if  intended  by 
kvmdence  to  relieve  the  mariner  from  the  great  anxiety  which  the 
nibtfiil  position  of  his  ship  must  naturally  excite  in  him,  particularly 
pMn  returning  from  a  long  voyage,  and  about  to  enter  any  narrow 
p^  such  as  the  English  Channel.  Under  such  circumstances,  the 
|pM  preceding  Problems  will  be  found  exceedingly  useful ;  because 
|0J  exhibit  safe  and  certain  means  of  finding  the  true  place  of  a  ship, 
P.§Kt  as  the  going  of  the  chronometer  used  in  the  observation  can  be 
lipcnded  upon.    In  this  case,  since  a  knowledge  of  the  heavenly  bodies 

KDes  indispensably  necessary,  the  reader  is  referred  -to  *'  The  • 
g  Navigator's  Guide  to  the  Sidereal  and  Planetary  Parts  of  Nauti- 
■1  Astronomy,"  where  a  familiar  code  of  practice  directions  is  given 
Mr  finding  out  and  knowing  all  the  princi|ial  fixed  stars  and  planets  in 
he  firmament. 


^-  Problem  VII. 

ISkJitui  the  Longitude  of  a  Ship  or  Place  by  ceksiial  Observation^  com* 

monhf  called  a  Lunar  Observation. 

'^-"the  direct  progressive  motion  of  a  ship  at  sea  is*  so  liable  to  be 
Hbtnrbed  by  various  unavoidable  and  often  imperceptible  causes,— 
inAi  as  a  frequent  aberration  from  the  true  course,  by  the  ship's  con- 
llHially  varying  a  littie,  in  contrary  directions,  round  her  centre  of 
pavity ;  high  seas  with  heavy  swells,  sometimes  with  and  at  other 
times  against,  or  in  directions  oblique  to  the  true  course;  storms, 
nidden  shifts  of  wind,  unknown  currents,  local  magnetic  attraction, 
nnequal  attention  in  the  helm's-men,  with  many  other  casualties 
which  cannot  possibly  be  properly  provided  for, — that  the  place  indi- 
cated by  the  dead  reckoning  is  frequently  so  erroneous  as  to  be  whole 
degrees  to  the  eastward  or  westward  of  the  actual  position  of  the  ship. 
Of  this  every  person  must  be  fully  aware,  who  has  navigated  the  short 
run  between  England  and  the  nearest  of  the  West  Indian  Islands. 

As  the  best  account  by  dead  reckoning  is  evidently  but  a  very  im- 
ftrfect  kind  of  guess-work,  it  should  be  employed  only  as  an  aux  • 
tUary  to  the  elementary  parts  of  navigntion,  and  never  confided  in  but 
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with  the'  utmost  cantion.    Hence  it  is  tlwt  cekftial  obaenrslicm  ihidd 
be  constantly  resorted  to,  becaose  it  is  the  onl j  cotein  wsf  of  isfirt 
ing  the  errors  of  deM  reckonings  and  of  ascertaininff,  with  wof  degnf 
of  precision,  the  actual  position  of  the  ship. 

If  a  chronometer  or  timekeeper  could  be  so  conatractcd  aa  lo|i 
uniformly  correct  in  all  seasons,  places,  and  climates,  it  woald  IrtBf* 
diately  obviate  all  the  difficulties  attendant  on  a  ship's  reckoniBg^  ssl 
thus  rei>der  the  longitude  as  simple  a  problem  as  ths  lnUtade;  iriljr 
such  a  machine  beiog  once  regulated  to  the  meridian  of  Ghrscatrid^ 
would  always  show  the  absolute  time  at  that  meridian ;  and,  hcnce^tti 
longitude  of  the  place  of  observation,  as  has  been  illustrated  in  thsr/Nr 
preceding  Problems ;  but  those  pieces  of  mecbaiusm  are  so  ezcssdsil^ 
complicated,  and  so  extremely  delicate,  that  they  ate  lisfals  tsU 
affected  by  the  common  vicissitudes  of  seasons  and  climnfes,— by  as|f 
sudden  exposure  to  a  higher  or  lower  degree  of  atmosfiliirtie  loi* 
perature,  than  that  tp  which  they  liave  been  accustomed  ;  and  slsa  If 
electricity  in  a  thunder-storm :— the  celestial  bodies  ought,  thcniBn^ 
to  be  consulted,  at  all  times,  in  preference  to  machines  so  salQeet  ti 
mutability,  and  should  ever  be  confided  in  by  the  mariner^  as  the 
immutable  and  unerring  timekeepers  of  nature'.-  -      .... 

Of  all  the  apparent  motions  of  the  heavenly  bodies,  in  the  xodiac^ 
with  which  we  are  acquainted,  that  of  the  moon  is  by  far  the  mo^ 
rapid  ;  it  beincf,  at  n  mean  rate,  about  13?  10'  in  24  hours,  or  nesflf 
half  a  minute  of  a  degree  in  one  minute  of  time.  Hence,  the  quid- 
ness  of  the  moon's  motion  seems  to  adapt  her  peculiarly  to  the  nns- 
surement  of  small  portions  of  corresponding  time ;  and,  theicfBR^ 
careful  observations  of  the  angular  distance  of  that  object  fromtk 
sun,  a  planet,  or  a  fixed  star  lying  in  or  near  the  zodiac,  a£Foid  tki 
most  eligible  and  practicable  means  of  determining  the  longitude  of  I 
ship  at  sea :  for  the  true  distance  deduced  from  observation,  benpl 
compared  with  the  computed  distances  in  the  Nautical  Almanac,  wS 
show  the  corresponding  mean  time  at  Greenwich;  the  difference k- 
tween  which  and  the  mean  time  at  the  place  of  observation  wifl  k 
the  longitude  of  that  place  in  time  ;  which  will  be  east  if  the  time  it 
the  place  of  observation  be  greater  than  the  Greenwich  tim^,  but  vat 
if  it  be  less. 

The  principles  of  the  operation  for  calculating  a  hmar  oiiennitkB, 
viz.,  of  reducing  the  apparent  distance  between  the  moon  and  sun,  or 
a  fixed  star  to  the  true  central  distance,  may  be  familiarly  Ulustnttil 
in  the  following  manner,  viz, : — 
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In  the  annexed  dia- 
gram^ let  Ho  represent 
the  horizon ;  and  Z  the 
acenith  of  an  observer 
on  the  earth  or  sea.— 
Let  the  arc  O  ]>  be  the 
apparent  altitude  of  the 
moon»  and  O  ar  her  true 

central   altitude;    this    fl  S  O 

being  always  greater  th^n  the  apparent  altitude  by  the  ea^cea  of  the 
parallax  above  the  refraction  ;  and  let  the  arc  S  0  represent  the  ap- 
|Murent  altitude  of  the  suA,  or  star,  and  S  y  its  true  altitude ;  this  being 
always  ka  than  the  apparent  altitude  by  the  excess  of  the  refraction 
above  the  parallax  : — then  the  arc  of  the  oblique  circle  ^  (^,  repre* 

H    srata  the  apparent  distance ;  and  that  of  the  oblique  circle  x  y,  the 

.    tme  central  distance  between  the  two  objects. 

Now,  from  this  diagram,  it  is  manifest  that  a  lunar  pbeervaiion  con- 
ttsts  of  two  obliqiie  angled  spherical  triangles ;  in  one  of  which  the 
three  rides  are  given,  to  find  the  angle  at  the  zenith ;  which  angle  is 

-  the  common  vertex  to  both  triangles  ; — ^nd,  in  the  other,  two  sides 
and  the  contained  angle,  viz.,  the  common  vertex  at  the  zenith,  are 
given,  to  find  the  third  side. — Thus,  ,in  the  triangle  Z  2>  0  ;  given  the 
Moon's  apparent  zenith  distance  Z  D  ;  the  sun's  or^  star's  apparent 
Aenith  distance  Z  0,  and  the  apparent  central  distance  ]>  0  j  to  find 
the  common  angle  at  the  zenith : — which  angle  is  to  be  found  by 
oblique  angled  spherical'  trigonometry.  Problem  V.,  page  207* — Now, 

^^  ilnce  it  is  clearly  evident  that  the  little  variation  which  is  produced  in 

I.  ike  measures  of  the  sides  Z  D ,  and  Z  0,  by  the  effects  of  parallax 
Albd  refraction  (expressed  by  the  small  arcs  D  a?  and  0y),  will  not 
ienribly  afiect  the  value  of  the  contained  angle  at  the  zenith : — there- 
Mure,  in  the  triangle  Zxy^  given  the  moon's  true  zenith  distance  Zx; 
fte  aun's  or  star's  true  zenith  distance  Z  y,  and  the  included  angle  Z ; 

~  to  find  the  third  side  jr  ^  =  the  true  central  distance  between  the  two 
*dfi^t8: — ^which  side  is  to  be  found  by  oblique  angled  spherical 
fr^nometry.  Problem  III.,  page  202. 

Example* 

Let  the  apparent  central  distance  between  the  moon  and  sun  be 
'7f42'28r,  the  sun's  apparent  altitude  10?19:]gr,  the  moon's  ap- 

rent  altitude  42?55^  K,  and  her  horizontal  parallax  60^2!  ;  required 
the  true  central  distance  between  the  two  objects  ? 
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The  siin*8  apparent  altitude  being  10?  19!  19',  the  correetion  eone- 
sponding  thereto  is  4' 56".  smbiraeiire;  which  makes  its  true  centfil 
altitude  10:14'23T: — hence,  the  tun's  apparent  zenith  diatancCiOr 
co-altiiudej  is  79 : 40' 41  T,  and  its  true  zenith  distance  79?45C37'*' 
The  nioon*s  apparent  altitude  being  42?55'lTy  the  correction  eone- 
sponding  thereto  is  42 '57'  additive;  which  makes  her  tme  oential 
altitude  43:37' 38'  :— hence,  the  moon's  apparent  zenith  distance,  or 
ctHoIiiiMde,  is  47-4I59T,  and  her  true  zenith  distance  46?22C2T. 

Computation  .—First. 
In  the  triangle  Z  :>  S,  given ;  the  side  Z  O  =  79?^'41r;  the  sim'i 
apparent  zenith  distance ;  the  side  Z  D  =  47?4^59?,  the  mocm'f 
apparent  zenith  distance,  and  the  side  >  S  =  117^42 '28?,  the  apparent 
distance  ;  to  find  the  angle  at  the  zenith.— Hence,  bjr  spherical  trigo- 
nometry, as  above  mentioned^ — 
Appar.  cent.  dist.  or  side  >  £  =  117°42'28? 

Sun's  app.  zen.  dist.  or  side  Z3  s  79. 40. 41    Log.  co-sec.  0«  O070S6 
Moon*8  app.  zen.  dist.  or  side  Z  ])  =47-    4. 59    Log.  co-sec.  0.  13538B 

Sum  - 244=28:  8: 


Half  sum  =r.     .     .     .  122fl4^  4r  Log.  sine   .     9.927305 
Remainders     •     .     •      4.31.36   Log.  sine  •     8.8972(M 


Sum=      .  18.9668B1 


Arch=: 72?  IGMir  Log.  co-sine    9.483440} 

Angle  nt  the  zenith  =       .     .     .   144?33:22r 

Now,  having  found  the  angle  at  the  zenith,  which  is  common  to  both 
triangles;  therefore,  in  the  triangle  Zxy  given;  the  side  Zffs 
79?45:37r,  the  sun's  true  zenith  distance;  the  side  Zx  =  46?22'2T, 
the  moon's  true  zenith  distance,  and  the  included  angle  Z  s 
144f33'22^ ;  to  find  the  side  cpy  ==  the  true  central  distance. 

Hence,  bj'  spherical  trigonometry, — Formula,  Remark  2,  p.  204,— 

Half  the  angle  at  the  zenith  =  72?16MI  r  Twice  its  log. sine  19.957772 

Sun*struezen.dist.orsideZ^=70. 45. 37    Log.  sine  .     .     .    9.993027 

])  *s  true  zen.  dibt.  or  side  Z  t=4(3.  22.   2    I^g.  sine  .     •     •   9. 859606 

Difference  of  the  sides      .     .  33^2:3'. 35'/  Constant  log.      .    G. 301030 

The  nat.  vers,  sine  of  which  is  165085  

Natural  number  ....  1292510  Logarithms      .    6.111434 

Nat.ver.sineofthesidejry=I.457595  =  ll7?13'55i^5    which    is   tlie 
true  central  distance  between  the  two  objects,  as  required. 
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Note. — ^The  above  diagram -and  consequent  operation  exhibit  the 
pure  spherical  principles  upon  which  the  computation  of  a  hmar  ob- 
servation  is  founded ;  from  which^  together  with  a  competent  know- 
ledge of  the  iriffonometrical  canon,  and  a  clear  conception  of  the 
peculiar  properties  of  the  natural  versed  sines,  and  logarithmic  sines, 
as  explained  between  pages  53  and  5^  a  variety  of  methods  may  be 
deduced  for  reducing  the  apparent  distance  between  the  moon  and  sun, 
or  a  star,  to  the  true  central  distance. — ^The  following  direct  modes  of 
calculation  are  all  derived  from  spherical  trigonometry,  as  vlbove ;  and 
therefore  they  will  prove  to  be  general  and  rigidly  correct  in  all  cases 
where  the  zenith  distances  and  the  apparent  central  distance  of  the  two 
objects  constitute  a  perfect  or  possible  spherical  triangle  in  the  heavens: 
— the  two  first  of  these  are  unii^ersal^  they  are  not  subject  to  any 
cestriction  whatever  j  for  they  are  as  applicable  to  an  impossible  as  to 
.   the  most  per/ect  triangle  that  can  be  formed  by  the  two  objects  in  the 
starry  firmament : — and  so  long  as  conciseness,  dispatch,  uniformity, 
and  facility  of  calculation,  are  points  of  importance  to  the  practical 
navigator,  they  will  be  found  to  be./Ae  readiest  methods  that  can  be 
employed  for  clearing  the  apparent  distance  of  the  effects  of  parallax* 
and  refraction ;  that  is,  of  reducing  the  apparent  distance  between  the 
moon  and  sun  &c.,  to  what  it  would  appear  to  an  observer  placed  at 
the  centre  of  the  earth ;  supposing  this  to  be  transparent* 


Method  I. 

0/  reducing  the  apparent  Distance  between  the  Moon  and  Sun,  a  fixed 
Star,  or  a  Planet,  to  the  true  Central  Distance. 

Rule. 

Take  the  auxiliary  angle  from  Table  XX.,  and  let  it  be  corrected  for 
the  sun's,  star's,  or  planet's  apparent  altitude,  as  directed  in  pages  44 
and  45. 

Find  the  difference  of  the  apparent  altitudes  of  the  objects,  and, 
also,  the  difference  of  their  true  altitudes. 

Tlien,  to  the  natural  versed  sines  supplement  of  tlie  sum  and  the 
difference  of  the  auxiliary  angle  and  the  difference  of  the  apparent 
altitudes,  add  the  natural  versed  sines  of  the  sum  and  the  difference  of 


•  Retpectiog  the  nature  of  parallax,  «ee  lUuatration,  page  29. 
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the  auxiliary  angle  and  the  apparent  distance^  and  the  natural  Tosed 
Bine  of  the  difference  of  the  true  altitudes :  the  sum  of  these  fife 
numbers,  abating  4  in  the  radii  or  left-hand  place^  will  be  the  natunl 
versed  sine  of  the  true  central  distance. 

General  Remarks, 

1.  The  correction  qf  the  moon's  apparent  altitude  is  contained  ia 
Tabic  XVIII.,  and  is  to  be  taken  out  therefrom  agreeably  to  the  direc- 
tions given  in  page  39. 

■ 

2.  The  correction  of  the  sun*s  apparent  altitude  is  the  difference  be- 
tween the  refraction  and  the  parallax  corresponding  to  that  altitude  in 
Tables  VIII.  and  VII.     See  note,  page  375. 

3.  The  correction  of  a  planefs  apparent  altitude  is  the  difference 
between  the  refraction  and  the  parallax  answering  to  that  altitude  in 
Tables  VIII.  and  VI.     See  note,  page  3/8.— And, 

4.  The  correction  of  a  starts  apparent  altitude'  is  the  refraction  cor- 
responding thereto  in  Tabic  VIII.  The  fixed  stars  have  not  any  sensi- 
ble parallax.— -Sec  note,  page  379. 

Example. 

Let  the  apparent  central  distance  between  the  moon  and  sun  be 
117?42:28r,  the  sun's  apparent  altitude  10?  19^9^,  the  moon's  ap- 
parent  altitude  42:55 'I'',  and  her  horizontal  parallax  60 '2'',  required 
the  true  central  distance  ? 

Sun's  apparent  altitude  10?19'.  19r-Corr.  4: 56"= true  alt.  10?14'23r 
Moon's  apparent  alt.  .  42. 55.    1   +Corr.42:57''=true alt.  43.37.58 


Diff.  of  apparent  alts.  .  32  ?35'42r -Difference  of  true  alts.  33?23:35r 
Auxiliary  angle      .     .  60. 22. 39 
Appar.  central  dist.     117. 42. 28 


Sum  of  aux.  ang.  and 

diff.    apparent   alts.  92?58 '21'' Nat.  versed  sine  supt.  .0.948143 

Difference  of  ditto      .  27. 46. 57    Nat.  versed  sine  supt.  .  1 .  884724 

Sumaux.ang.&ap.dis.  178.    5.    7    Natural  versed  sine   .  .   1.999442 

Difference  of  ditto      .  57.  19.49    Natural  versed  sine   .  .  0.460205 

Difference  of  true  alts.  33. 23. 35    Natural  versed  sine  .  .  0. 165085 


True  central  dist.  =    117°  13  ^56^  Natural  versed  sine  .    •  1.457599 
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See  B^fompie,  page  480$  in  which  th^  true  central  distance  is 
117?13:55ir. 

Remarks. 

1.  When  the  sum  of  the  auxiliary  angle  and  the  apparent  central 
distance  exceeds  a  semicircle,  or  180  degrees,  the  natural  versed  sine 
supplement  of  its  excess  above  that  quantity  is  to  be  taken ;  or,  which 
amounts  to  the  same  thing,  the  natural  versed  sine  qf  its  supplement  to 
360  degrees. 

2.  The  above  is  one  of  the  shortest  and  most  uniform  methods  that 
have  been  deduced  directly  from  spherical  trigonometry ;  for  it  deter- 
mines the  true  central  distance  by  the  simple  addition  of  five  natural 
versed  sines,  without  the  introduction  of  logarithms,  or  the  application 
of  corrections. — Besides  which,  it  is  universal;  and  not  subject  to  any 
restrictions  whatever : — its  limits  are  unbounded '^  for  it  answers  as  well 
in  an  impossible  triangle  as  in  the  most  perfect  or  possible  triangle 
that  can  be  formed  by  the  co- altitudes  of  the  objects  and  their  i^parent 
central  distance. 

ST.  Here  it  may  be  necessary  to  observe,  that  a  spherical  triangle  is 

said  to  be  impossible,  or  imperfect,  when  the  sum  of  any  two  sides  is 

less  than  the  value  of  the   third  side : — Hence,  to  render  a  triangle 

possible  or  perfect,  the  sum  of  the  two  shortest  sides  must  be  always 

greater  than  the  measure  of  the  longest  side. 


■  ■■■<IW  M 


Method  II. 
Of  reducing  the  Apparent  to  the  True  Central  Distance. 

Rule. 

Take  the  auxiliary  angle  from  Table  XX.,  and  let  it  be  corrected  for 
the  sun's,  star's,  or  planet's  apparent  altitude,  as  directed  in  pages  44 
and  45. 

Find  the  sum  of  the  apparent  altitudes  of  the  objects,  and,  also,  the 
sum  of  their  true  altitudes  ;  then. 

To  the  natural  versed  sines  of  the  sum  and  the  difference  of  the 
auxiliary  angle  and  the  sum  of  the  apparent  altitudes,  add  the  natural 
versed  sines  of  the  sum  and  the  difference  of  the  auxiliary  angle  and 
the  apparent  distance,  and  the  natural  versed  sine  supplement  of  the 
sum  of  the  true  altitudes  y  the  sum  of  these  five  terms,  abating  4  in 

I  I  2 


the  m&i  or  left-band  p! 
centr^  distacce. 


win  be  the  natanl  vcned  sine  of  tbetrac 


Sk^U, 


General  Remarks,  p^e  4S2. 


1. 

Let  tbe  apparent  eentral  distance  between  tbe  moon  and  Yenna  be 
S3M9'S4r,  the  apparent  ahhnde  of  Yenns  19:10:40ry  and  her  hori- 
zontal parallax  23r :  the  moon's  apparent  ahitnde  37?40!20T9  and  her 
horizontal  panJlax  59'  47'  ;  required  the  tnie  central  distance  ? 

Vcnus'5apparer.trJt,=  19M0:40"— Corr.  2:2ir=truealt.=  19?  8!19? 
Moon's  apparent  alt.=37. 40. 20  +Corr.46.   5  ==truealt.=38.26.25 


Suni  of  the  app.  alts.=56:51 '  OT     Sum  of  the  true  altd.  =57*34'44! 
AoAiliarv  anele  ^       60.20. 14 
Apparent  ceiit.  dlst.s=S3.49.54 


Sum  of  auxiliarvanele 

Si  sum  of  ap.  alts.  :=rll7- 11-14' 
Difference  of  ditto  =     3. 29. 14 
Suniaux.ang.&ap.dis.ll4. 10.   8 
Difference  of  ditto  =     6. 30. 20 
Sum  of  the  true  alts.=  bj,  34. 44 


Xat.  Tcrsed  sine  =r 
^at.  rersed  sine  = 
Xat.  Tersed  sine  = 
Xat.  rersed  sine  = 
Xat.  versed  sine  sup 


True  central  dist.  =  53:53 '48*     Xat.  versed  sine  = 


1.456899 
0.001851 
1.409428 
0.006439 
1.536138 

0.410755 


Remark. — Wlien  the  sum  of  the  auxiliary  angle  and  the  apparent 
central  distance  exceeds  a  semi-circle^  or  180?,  the  natural  versed  sine 
supplement  of  its  excess  above  that  quantity  is  to  be  taken,  t>r,  which 
amounts  to  the  same,  tlie  natural  versed  sine  of  its  supplement  to  360?. 
The  same  is  to  be  obserAed  in  the  event  of  the  aggregate  of  the  auxiliary 
angle  and  the  sum  of  the  apparent  altitudes  exceeding  180  degrees: 
this,  however,  will  but  very  rarely  happen. 

The  above  method  is  universal;  and  therefore  Remark  2,  at  the  end 
of  the  preceding  Method,  is  applicable  to  it  in  every  respect. 
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Method  IIL 
Of  reducing  the  Apparent  to  the  True  Central  Distance. 

Rule. 

Take  of  the  logarithmic  difference  from  Table  XXIV.^  and  let  it  be 
corrected  for  the  sun's,  star's,  or  planet's  apparent  altitude,  as  directed 
in  pages  49,  51,  and  52. 

Find  the  difference  of  the  apparent  altitudes  of  the  ol^ects^  and, 
also,  the  difference  of  their  true  altitudes. 

Then,  from  the  natural  versed  sine  of  the  apparent  distance,  subtract 
the  natural  versed  sine  of  the  difference  of  the  apparent  altitudes ;  to 
the  logarithm  of  the  remainder  let  the  logarithmic  difference  be  added> 
and  the  sum  (abating  10  in  the  index)  will  be  the  logarithm  of  a 
natural  number  ;  which,  being  added  to  the  natural  versed  sine  of  the 
difference  of  die  true  altitudes,  will  give  the  natural  versed  sine  of  the 
true  central  distance. 

iSTo/^.— See  General  Remarks,  page  482. 

Example. 

m 

Let  the  apparent  central  distance  between  the  moon  and  Mars  be 
83  ?  10' 23  r,  the  apparent  altitude  of  Mars  17?10:20r,  and  his  horizon- 
tal parallax  15^;  the  moon's  apparent  altitude  31?20^30T^  and  her 
horizontal  parallax  58'.53C' ;  required  the  true  central  distance  ? 

Mars'  apparent  alt.=17n0:20r-.Correc.  2U9r=truealt.=17?7'3ir 
Moon's  appar.  alt.  r:31. 20.30  +Correc.48.44  =true^t.=»32.9. 14 


Diff.  of  appar.  alts.  =  14?  10 :  lOr     Diff.  of  true  altitudes  =     15 ?  1 :43r 

Apparent  distance=83?10: 23 C'Nat.V.S.=881 129 

Diff.  of  appar.  alts.=  14. 10. 10  Nat.V.S.=030436  Log.  diff.=9. 996299 

Remainder=85O603  Log.  =      5. 929778 


Natural  number  =   .......    843476  Log.  =      6.926072 

Diff.  of  troe  alt8.=  15?  r43rNat.V.S.  =034204 


True  central  dist. «  82?58^26rNat.V.S.=877680 
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Remark, — In  an  impossible  triangle*  it  may  happen  tbatthe  (Rfferenn 
of  the  apparent  altitiides  will  be  greater  than  the  apparent  distance  ^- 
in  this  case^  the  natural  versed  sine  of  the  latter  term  is  to  be  sub- 
tracted from  that  of  the  former  term  : — then^  the  natural  numbei 
corresponding  to  the  sum  of  the  two  logarithms^  being  subtraeiei 
from  the  natural  versed  sine  of  the  difference  of  the  true  altitudes; 
tlie  r^ult  ^vill  be  the  natural  versed  sine  of  the  true  central  distance. 


Method  IV. 

Of  reducing  the  Apparent  to  the  True  Central  Distance. 

Rule. 

Take  of  the  logarithmic  difference  from  Table  XXIV.,  and  let  it  be 
corrected  for  the  sun's^  star's,  or  planet's  apparent  altitude^  as  directed 
in  pages  49^  51,  and  52. 

Find  the  sum  of  the  apparent  altitudes  of  the  objects,  and^  also,  the 
pum  of  their  true  altitudes ;  then. 

From  the  natural  versed  sine  supplement  of  the  sum  of  the  apparent 
altitudes,  subtract  the  natural  versed  sine  of  the  apparent  distance ;  to 
the  logarithm  of  the  remainder  let  the  logarithmic  difference  be  addedi 
and  the  sum  (abating  10  in  the  index)  will  be  the  logarithm  of  a 
natural  number ;  which,  being  subtracted  from  the  natural  versed  sine 
supplement  of  the  sum  of  the  true  altitudes^  will  leave  the  natural 
versed  sine  of  the  true  central  distance. 

JVb/e.— -See  General  Remarks,  page  482. 

ExanqiU, 

Let  the  apparent  central  distance  between  the  moon  and  a  fixed  star 
be4I?Il'7^i  the  star's  apparent  altitude  43?  10' 20r,  the  moon's  ap- 
.  parent  altitude  5C?48'16f,  and  her  horizontal  parallax  59C25f;  re- 
quired the  true  central  distance  ? 


*  86S  AfUMfit  3>  pais  48S. 
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Star's  appar«ntalt.=:43?10^20r-Correc-  1-:   lr=truealt.=43?  9^9^ 
Moon's  appar.alt.=56. 48. 16  +Correc.31.56  =truealt.=57.90. 12 


Sumof  the  ap.alt8.=99?58:36r    Sum  of  the  true  alta.  =  l00?29^31r 

Sumofllieap.alt8.=99?58:36rN.V.S.sup.=826753 

App.  central  dlst.=41. 11.   7  N.  ter.  S.  =247416  Log.dif.=g.9&3895 

Remainder  =  979337  Log.    =    5.762931 


Natural  number  = 571260  Log.    =    5.756826 

Sumoftruealts.=100?29:3lrN.V.S.sup.=8l7902 


True  cent.  dist.  =  41?  7'  8rN.ver.sine.= 246652 

Remark. — In  atl  impossible  triangle  *  it  may  happen  that  the  natural 
versed  sine  supplement  of  the  sum  df  the  apparent  altitudes  will  be  le$i 
than  the  natural  versed  sine  of  the  apparent  distance ;  in  this  case,  the 
former  term  is  to  be  subtnurted  from  the  lattei^  term :  th^n^  the  oatutid 
number  answering  to  the  sum  of  the  two  logarithms  being  added  to  the 
natural  versea  sine  iupplement  of  the  true  altitudeis^  the  tesult  will  be 
the  true  central  distance. 


■  ■        ■         I     *;  A     \t  v        ■  ■       ...  ■      ..■■Ti-.g    tiirrw.  i  tr   u,tt  JUM 

Of  reducing  the  Apparent  to  the  True  Central  Distance. 

RULB; 

To  the  logarithmic  sines  ef  the  sum  and  the  difference  of  half  the 
apparent  distance  and  half  the  difference  of  the  apparent  altitudes,  add 
the  logarithmic  difference,  Table  XXIV.,  and  tlie  constant  logarithm 
6.301030:  the  sum  of  these  four  logarithms  (rejecting  30  in  the 
index)  will  be  the  logarithm  of  a  natural  number ;  which,  being  added 
to  the  natural  versed  sine  of  the  difference  ot  the  true  altitudes^  will 
^ve  the  natural  versed  sine  of  the  true  central  distance. 

Notei-^Set  General  Remarks,  page  482. 

Example. 

Let  the  apparent  distance  between  the  moon  and  a  fixed  star  be 
37?56'43r,  the  star's  apparent  altitude  19?32f,  th^  tnoon's  apparent 


Tftr 


*  See  Rmari  3,  page  483. . 


Sr  33- .  But  ice  bMEaaam  HidB  a:  Wr ;  nqncA  Ae  tm 


*V»ar.aj:.=^n^33L  0  -CcbrcJSw  9  stnealt.s57.  &  9 


l:  ir.    DiX.itftketivaltitada=^!36:«; 


Half  ££.  c/ ap.i:s.= IS  :3i>:  aor 


£i:=    ....  9.sg87B 


37:3».5Iir  Lof.  ne  =      ....    9.78I2S9 

0.27.31}     Loc.si>e=      ....    7.9086^ 

Conctaot  ki;.  =     .    .    .    6.301090 


Xatmal  nmnber  = 9720  Log.=3.96799 

IML  of  tnie  alts.  =  37 -96r49t    Nat.  tct.  S.=20S?8So 


Tniecentnldist.=38:31:  IT    Xat. tct. S.=:217375 

Remark. — ^Tn  an  iatpombU  triangle,*  or  when  kaJ^  tie  smm  of  the 
apparent  altitudes  exceeds  half  the  apparent  distance,  the  natond 
nnmber  corresponding  to  the  sum  of  the  foor  logarithms,  is  to  be  nA* 
trmded  from  the  natural  rened  sine  of  the  difference  of  the  tme  alti- 
tudes ; — the  result  will  be  the  natural  rersed  sine  of  the  true  distancy. 


Method  YI. 
Of  reduciMg  the  Afpareni  to  the  True  Central  Distance. 

Rule. 

To  the  logarithmic  co-sines  of  the  sum  and  the  difference  of  half  the 
apparent  distance  and  half  the  sum  of  the  apparent  altitudes,  add  the 
logarithmic  difference,  Table  XXIV.,  and  the  constant  logarithm 
6. 301030 :  the  sum  of  these  four  logarithms  (rejecting  30  in  the  index) 
will  be  the  logarithm  of  a  natural  number ;  which,  being  subtracted 
from  the  natural  versed  sine  supplement  of  the  sum  of  the  true  alti- 
tudes, will  leave  the  natural  versed  sine  of  the  true  distance. 

iVb/e.-*See  General  Remarks,  page  482. 

*  I  ■  ■  ■  ^        ■■■■ <       ... 

*  See  Rimsrk  3,  page  483. 
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Example. 

Let  the  apparent  central  distance  between  the  moon  and  a  fixed  star 
be  e9?2l'25r,  the  star's  apparent  altitude  27?32f37r,  the  moon's  ap- 
parent altitude  22? 28 '56%  and  her  horizontal  parallax  56' 1/^5  re- 
quired the  true  central  distance  ? 

Star's  apparent  alt.=27?32137:"-Correc.  1  ;49r=true  alt.=^?30:48r 
Moon's  appar.  alt.=22. 28. 56  +Correc.49. 43  =true alt.=23. 18. 39 

Sumoftheap.alts.=50?  l'33r    Sumof thetruealtitudes=50?49'27r 


Half8umofap.alts.=25?  0:46ir 
Half  ap.  cent.  dist. =34. 40. 42^ 

— ^ Log.  diflF.  = 9.997468 

Sum  =  .     .     .     .    59?41^29r  Log.  co-sine  =       •    .     .  9.702997 

Difference  =    .     .      9. 39. 56     Log.  co-sine  =       ...  9. 993791 

Constant  log.  =     .    .    .  6.301030 

Natural  number  = 989204  Log.=5. 995286 

Sumoftruealte.=50?49:27"  N.V.S.sup.=  1.631703 


True  cent  dist.  =69?  3  C 1  Ur  N.  ver.  sine=:  .  642499 

rf  .  "  1.  V  ' 

« 

Remark. — ^The  above  Method  is  only  adapted  to  the  solution  of  a  per- 
fect or  possible  spherical  triangle. — Hence,  when  the  sum  of  the  appa- 
rent zenith  distances,  or  co-altitudes,  is  less  than  the  apparent  central 
distance  J  or  when  the  sum  of  the  apparent  central  distance  and  one  of 
the  zenith  distances  is  less  than  the  other  zenith  distance ;  the  true 
central  distance  must  be  determined  by  one  of  the  universal  methods^ 
page  481  or  483. 


Method  VII. 
Of  reducing  the  Apparent  to  the  True  Central  Distance. 

RULB. 

To  the  logarithmic  sines  of  the  sum  and  the  difference  of  half  the 
apparent  distance  and  half  the  difference  of  the  apparent  altitudes,  add 
the  logarithmic  difference:  balf  the  sum  of  these  three  logarithms  (10 
being  previously  rejected  from  the  index)  will  be  the  logarithmic  sine 
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of  an  iircli.  Now,  half  the  sum  of  the  logarithmic  co-sines  of  the 
sum  and  the  diiTerence  of  this  arch  and  half  the  difference  of  the  tioe 
altitudes,  will  be  tlie  logarithmic  co-sine  of  half  the  true  central  dis- 
tance. 

jVb/e. — See  General  Remarks^  page  483. 

Example. 

Let  the  apparent  central  distance  between  the  moon  and  Saturn  k 
110?14r34^  Saturn's  apparent  altitude  9? 40 ^48^,  and  his  faoriioiiy 
parallax  T',  the  moon's  apparent  altitude  15?40f6^9  and  her  horizontil 
parallax  58' 43'' ;  required  the  true  central  distance  ? 

Saturn's appar.alt.  =9?40M8' -Cor.  5^24^'  =true  alt,  =  9?35:24' 
Moon's  appar.  alt.=  15.40.   6  +Cor,  53. 11  =true  alt.  =16.33.17 


Diff.  of  the  app.alts.=5?59^  18^    DiflF.  of  the  true  alts.  =     6?67'53r 


Half  diff.  of  ap.  alt8.=2?  59:39:  Half  diff.  of  the  true  altd.=3?28f5(H' 
Half  ap.  cent.  dist.=55.   7- 17- 

: Log.  diff.  =     ....    9. 99817* 

Sum  =    .    .    .     .  58?  6^56:  Log.  sine  =      .    .     .     .    9.928066 

Difference  =     .     .  52.  7. 38  Log.  sine  ^      ....     9. 897284 


]9.8a44» 

■  ^ 


Arch  «   .     .     .     .  54?47'  2'r    Log.  sine  =      ....     9.91S219 
Half  difi  of  true  alts.=8. 28. 56i . 


Sum  =    .     .     .     .  58?  15  f58i''  Log.  co-sine  =      .    .     .     9.720963 
Difference  =     .     .61.18.   6i    Log.  co-sine  =      .     .     ,     9.796085 


Sum=  19.516996 


Half  the  true  dist.=55?  Of  80ir  Log.  co-sine  =     .    .     .    9.758499 


True  central  dist.=l  10?   i:   ir 

Note. — ^This  Method  is  only  adapted  to  the  solution  of  h  perfect  or 
ponille  spherical  triangle : — see  Remark  at  the  end  of  the  preceding 
Metliod^  page  489. 
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MEtRdtt  VIII. 

Of  reducing  the  Apparent  to  the  True  Central  Distance. 

Rule. 

o  the  logarithmic  co-sines  of  the  sum  and  the  difference  of  half  the 
irent  distance  and  half  the  sum  of  the  apparent  ahitudes^  add  the 
rithmic  difference:  half  the  sum  of  these  three  logarithms  (10 
g  previously  rejected  from  the  index)  will  be  the  logarithmic  co- 
of  an  arch.  Now,  half  the  sum  of  the  logarithmic  sines  of  the 
atid  difference  of  this  arch  and  half  the  sum  of  the  true  altittid^s, 
be  the  logarithmic  sine  of  half  the  true  central  distance. 

W«,— See  General  Remarks,  page  482. 

Example. 

et  the  apparent  central  distance  between  the  moon  and  a  fixed  star 
l?29'58^,the  star's  apparent  altitude  ll?3l'2^,the  moon's  apj^a- 
altitude  8?44'35r,  and  her  horizontal  parallax  57 -24^  •  requited 
true  central  distance  ? 

•'•  appar.  alt.  =  ll?3i:  2r  -Cor.  4^34r=truealt.=ll?26:28r 
m's  aj^.  alt.  =«    8. 44. 85    +  Cor.50. 46  =true  ait.»  9«  35. 21 

* 

fcof  theap.alts.=20?  16 f  37^      Sum  of  the  true  alts.  =31  ?  1 :49r 

Ftum  ap.  alts.  =10?  7^48^^  Half  sum  of  true  alts.=l0?30^54|r 
Pap.  cent.  dist.=20. 44. 59 

Log.  diff. »    .    .    .    .9.9990^ 

I—   .     .    .     .  30^62  M7ir  Log.  co-sine «   .     .    .9.933612 

etnce  =    •    .10.37.  I04  Log.  co-»ini«  «*  .    .    t  9.9M497 

]9. 925192 

h  =c  .    .    .    .  2S?26:2Sr      Log.  co^skMi  «=  .    .    .9.903600 
f  sum  tr.  altB.=  10. 30. 54^ 

i—   .    .     .    .aa^S/fl/ir    Log.  sine  =   .    .    .    .9.747063 
eFence=     .    .  13.55. 28^      Log.  sine »»  .    .    .     .9.849604 

Sum  =  19. 096667 

rtiietruedist.=20?4ir54ir    Log.  irine  «=  .    .    .    .9.548888} 

s  central  dUt.  =41  ?  23  M9? 
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Ao/f.— This  method  is  only  adapted  to  the  solution  of  a  peifed  • 
pa$$ible  spherical  triangle.— See  Bemark  at  end  of  Method  TI^  pip 
489. 


Method  IZ« 
Of  reducing  the  Appareni  to  the  Drue  Cemiral  Dietimee. 

To  the  logarithmic  sines  of  the  smn  and  the  difference  of  hdf  A 
apparent  distance,  and  half  the  difference  of  the  apparent  altitndei^ri 
the  logarithmic  difference,  its  index  being  increased  by  10:  fipomU 
the  sum  of  these  three  logarithms  subtract  the  logarithmic  sine  of  U 
the  difference  of  the  true  xdtitudes,  and  the  remainder  will  be  the  lop 
rithmic  tangeut  of  an  arch ;  the  logarithmic  sine  of  which,  being  id 
tracted  from  the  half  sum  of  the  three  logarithms^  will  Icare  d 
logarithmic  sine  of  half  the  true  central  distance. 

Note. — See  General  Remarks,  page  482. 

Exampie. 

Let  the  apparent  central  distance  between  the  moon  and  sun  I 
91  ?26'8'',  the  sun's  apparent  altitude  14?45 -4179  the  moon's  appani 
altitude  53?4l  r  ir^  and  her  horizontal  parallax  58:29r  ;  required  tl 
true  central  distance  ? 

Sun's  apparent  alt.  =14?45:4lr-Cor,    3^26^=  true  aIt.=14?42flS 
Moon's  appar.  alt.  =53.41.    1   +Cor.  33.56  =  true  alt.s=54. 14.52 

Diff.  of  the  ap.  alts.=38?55  r20r    Diff.  of  the  true  alts,  s  a9?32'41 

Half  diff.  of  ap.  alts.=  19?27'40r    Half  diff.  of  true  alts.  =  19?46rSi 

Half  ap.  cent.  dist.  =45. 43.   4 

Log.diff.=  19. 994220 

Sum=      .     .     .    .  65?  10 r44rLog.8ine=:  9.957905 

Difference  =      .    .  26. 15. 24  Log.sine^  9. 645809 

Sum= 39.597934 


Half  sum  = 19.798967  .     .  19.79896 

Half  diff.  of  true  alts.  19?46:21  rLog.sine^  9. 529285 

Arch==     .    .    .    .  61?44:43rLog.tan.=  10.269682Log.si.9.9449Q 


8540fi 


True  central  dist.  =  91?  13 '17' 


OF  FINDING  THB  LONQITUDB  BY  LtJNAR  OBSBBVATIONS.        493 

Note. — ^This  Method  is  only  adapted  to  the  solution  of  a  perfect  or 
possible  triangle. — See  Remark  at  the  end  of  Method  VI.,  page  489. 


Mbthod  X. 
Of  reducing  the  Apparent  to  the  True  Central  Distance. 

Rule. 

To  the  logarithmic  difference  (its  index  being  increased  by  10),  add 
^e  logarithmic  co-sines  of  the  sum  and  the  difference  of  half  the 
apparent  distance  and  half  the  sum  of  the  apparent  altitudes ;  from 
half  the  sum  of  these  three  logarithms  subtract  the  logarithmic  co-sine 
Bt  half  the  sum  of  the  true  altitudes,  and  the  remainder  will  be  the 
k^rithmic  sine  of  an  arch ;  the  logarithmic  tangent  of  which,  being 
subtracted  from  the  half  sum  of  the  three  logarithms,  will  leave  the 
logarithmic  sine  of  half  the  true  central  distance. 

Note. — See  General  Remarks,  page  482. 

Example. 
Let  the  apparent  central  distance  between  the  moon  and  a  fixed  star 
be  CB?52^40'r,  the  star's  apparent  altitude   10?52'17r,  the.  moon's 
apparent  altitude  6?39'^'',  and  her  horizontal  parallax  58^31'/ ;  re- 
inired  the  true  central  dist!ance  ? 
fcte's  apparent  alt. = 10 ?52n7^-Correc.  4!50r=true  alt.  10?47:27r 

Hood's  appar.  alt.  =  6.39.28  +Correc.50.26  =true  alt.    7.29.54 

II  III  ■ 

Biimoftheapp.alts.sl7?31M3r     Sum  of  the  true  altitudes  18?17:2ir 

Ehlf8umofapp.aIt.=:  8?45<52ir  Half  sum  of  the  true  alt.   9?8:40i? 
Half  app.  cent.  dist.=34. 26. 20 

Log.  diff.  19.999326 

8iiin=     ....     43?]2a2KLog.co-8i.  9.862684 
Differences     .     .    25. 40. 27i  Log. co-si.  9.934856 

Bum  = 39.8168(36 


Half8um= 19.938433    .     19.908433 

Half  sum  of  true  alt.=  9?  8;40i?Log.co-8i.  9. 994445 

Afchs  .    .    .    .    55?  7-  4r  Log.8ine=s9.91d988L.T.  10. 156675 

Balf  the  true  distance  =     .     .     .     .  34?  22:34  rLog.  8ine=:9. 751758 

Rrae  central  distances       ...     .  68?45'  8^ 

iVb/e.— This  Method  is  only  adapted  to  the  solution  of  a  perfect 
tpherical  triangle. — See  Re^nark  at  the  end  of  Method  VI.-,  page  489. 


^jf  rt€^C79f  the  Afqmrml  It  iht  Tirw  Cemtrei  Di$i9»ee. 


From  the  bfttanl  Fenrd  *iiie  s^pkaMHl  of  Uk  sub  of  the  appuol 
:.tt:tc^e>.  ^ubtr^c^.  iLe  ::.ucru  Tc^^e^d  iioe  of  their  difference,  Aiidal 
tie  re riiiizidrr  crrib  Ji'^t.  Proceed  in  a  «milftr  mMnaer  with  the  tm 
altitude*,  and  caii  the  PcmitTidrr  crvi  mnmd;  and  Crom  the 
I  ened  Hue  fupplement  of  the  ssm  of  the  apparent  akimdeiy 
the  Dfttural  rersed  fine  of  the  appanat  dirtaace,  and  call  the 
arch  tlurd. 

Now.  to  the  arithmetical  complement  of  the  Ingaiithm  of  crcl)N^ 
add  the  loearithm*  of  arche^i  Mcood  and  thixd«  and  the  siim  (itjeciil 
10  from  tiie  index'  vill  be  the  logarithm  of  a  natural  numhcr; 
beintr  <^ubt^acted  frc^m  the  natural  vened  sine  suppleinciit  of  the 
uf  the  true  altztude^,  will  leave  the  natnnd  rened  sine  of  the  tme 
tral  distance. 

Sou. — See  General  Remarks,  page  4%. 

Example. 

Let  the  apparent  central  distance  between  the  moon  and  a  fixed  itar 
be  8;^ :  \y  \{r.  the  star's  apparent  altitude  7^39'4'',  the  nioon'i  ^pi- 
rent  altitudf  10:57-36',  and  her  horizontal  parallax  58  r 55 T;  reqoirrf 

the  true  cent  ml  distance  ? 

*'bap.alt.=  7:30:   4   -Cor.  C:45''=T.  alt.  7""32:19: 
:>'sap.alt.=  10.57.3(j   *Cor.53.   3  =7.  alt.  11. 50. 39 

Su:n=     .     18:36:40:  ^il^;-*- 1 1 . 947707  Sum  19:22.58.'iJ^^  ]  1.94338 
Ditf.=     .      3. 18.32N.V.S.    . 001668  Diff.   4. 18.20X.V.S.  .OQ28H 

Arch  first  =  1 .  946039  Arch  second  =   1 .  940300 

Sumofap.alts.=  18°36'40:X.V.S.sup.=  1.947707 
App.ceut.  dist.=83. 15. 19  X.V.S.=  .  882554 

Arch  third  = 1.065153  Log.  =     6.027433 

Arch  seconds 1 .  940500  Log.  =     6.287914 

Arch  first  =       1.946039  Log.  ar.co.3. 710848 

Natural  number  = 1.062169  Log.  =     6.026191 

Sum  of  true  alt.  =  19 :  22 '.  58r  N.V.S^up. = 1 .  943322 

True  cent.di8t.=83nO:28:N.V.S.=         .  881153 
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Note. — This  Method  is  also  adapted  to  the  sohition  of  a  perfect  or 
possible  spherical  triangle. — See  Remark  at  the  end  of  Method  VL, 

i    page  489. 


Mbthod  XII. 


To  the  apparent  distance  add  the  apparent  dtitudes  of  the  objects ; 
take  half  the  suni,  and  call  the  difference  between  it  and  the  apparent 
distance  the  remainder. — ^Then^ 

To  the  logarithmic  difference  (its  index  beii^  ^gmented  by  JO), 
add  the  logarithmic  co-sines  of  the  half  sum  and  the  remainder ;  from 
half  the  siim  of  these  three  logarithms  subtract  the  logarithmic  co-sine 
of  half  the  sum  of  the  true  altitudes^  and  the  remainder  will  be  the 
^logarithmic  sine  of  an  arch.  Now,  the  logarithmic  co-sine  of  this 
^ch,  being  added  to  the  logarithmic  co-sine  of  half  the  sum  of  the 
true  altitudes  (rejecting  10  from  the  index),  will  giye  the  Ic^rithmic 
nine  of  half  the  true  central  distance. 

Note. — See  General  Remarks,  page  482. 

Example. 

Let  the  apparent  central  distance  between  the  moon  and  Spica  Vir- 
ginis  be  37?12M0r,  the  star's  apparent  altitude  ll?27'60r,  the  moon's 
apparent  altitude  40?55n5'',  and  her  horizontal  parallax  54'IO.T; 
required  the  true  central  distance  ? 

Star's  apparent  alt.  =  Ile27'50r-Correc.  4:36rTruealt.=Il?23a5r 
Moon'sapparentalt.=40.55. 15  +Correc.39. 51  True  alt.=4 1.35.    6 
Apparent  cent  dist.  =37. 12. 40 

Sums     ....    89?35:45r 

L.  diff.=  19. 995703 

Half  sum  =       .     .    44f47:52irL.  co-si,  9.851012 

Remainder  =    .     .       7-  35. 12i  L.  co-si.  9. 996181 

Sum=        ....    39.842896 


Half  sum  =     •     .     .     19.921448 
Halfsumoftruealt.=26?29:i0irL.  co-si.  9.951844    .     .    9.951844 

Arch  =    .     .     .     .    68?48:45'r  L.  sine=9. 969604L.co.&i.  9. 558014 


Half  the  true  distance  =     .     .     .     18^52: 26i?  Log.  sine=  9. 509858 


iMiW 


True  central  distance  :=      .    .    .    37?  44^53^ 
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Note. — ^This  Method  is  only  adapted, to  the  solution  of  a  perfect. 


po$Mle  B[ 
page  489. 


General  Remarh  vpon  the  Lunar  Obserpaihns. 


1  <  When  the  objects  are  in  the  same  azimuth,  or  ▼ertical  circle,  ind 
the  moon  to  be  the  higher  body,  the  true  central  distance  will  be  cqoil 
to  the  apparent  distance  augmented  by  the  sum  of  the  correctiooi  of 
the  respective  altitudes  of  the  objects ;  but  when  the  moon  is  the  lower 
body,  the  apparent  distance  diminished  by  the  sum  of  the  correctioiii 
will  be  equal  to  the  true  central  distance  :  thus,  if  the  moon  were  Ae 
higher  body,  and  the  correction  of  its  apparent  altitude  to  be  43'50', 
and  that  of  the  sun's  or  star's  3' 10^,  the  true  central  distance  wooU 
be  4/  minutes  more  than  the  apparent  distance ;  but  if  the  moon  weit 
the  lower  body,  the  true  central  distance  would  be  47  minutes  km 
than  the  apparent. 

2.  When  the  objects  arc  in  the  same  almacantar,  that  is,  when  batk 
have  the  same  altitude,  the  true  central  distance  will  be  equal  to  the 
apparent  distance,  diminished  by  the  difference  between  the  principal 
effects  of  parallax  and  refraction  on  that  distance,  which  difference 
may  be  very  nearly  estimated  thus  :— 

To  the  log.  tangent  of  half  the  apparent  distance,  add  the  conttaat 
logarithm  6.742480,*  and  the  sum,  rejecting  10  from  the  index,  will 
be  the  log.  sine  of  the  effects  of  refraction  on  the  distance^  which  is 
always  additive. — ^Then, 

To  the  log.  sine  of  the  sum  of  the  horizontal  parallaix-of  the  objects 
add  the  log.  sine  of  the  common  altitude,  and  the  log.  tangent  of  half 
the  apparent  distance ;  the  sum,  rejecting  20  from  the  index,  will  be 
the  leg.  sine  of  the  principal  effects  of  parallax  on  the  distance,  which 
is  always  subtracfive. 

Example. 

Let  the  apparent  distance  between  the  moon  and  sun  be  48"* 40',  the 
common  altitude  51  degrees,  and  the  moon's  horizontal  parallax  58'  W)  \i 
to  find  the  correction  of  the  apparent  distance. 


*  This  b  the  log.  sino  of  VoA!',  the  effects   of  rtfraclion  on  a  lunar  distance  of  ^^ 
degrees. 
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Firii,  to  find  the  principal  effects  of  refraction. 

Half  the  apparent  distance  ^       ..     24^20  f  Log.  tangent  9.  655348 
ConHtant  logarithm  = 6.742480 

Principal  effects  of  refraction  =     .     .     +  0' 52'' Log.- sine  6. 397838 

Second^  to  find  the  principal  effects  ofparallaw. 

^  's  hor.  parallax=0?5g:  10^  -f  sun's  par.  9r=58^  l9rL.  sine  8. 229498 

Common  altitude= 51.    0.   0 L.  sine  9.890503 

Halftheapp.dis.=24.20.   0       .......     L.tan.  9.656348 

Principal  effects  of  parallax  =     .     .     -  20^30'/  Log.  sine  7.775349 
Principal  effects  of  refraction  =        .     +     0. 52 


Correction  of  the  apparent  distance  =  —   19!  38^ 
Apparent  distance  =.....     48. 40.    0 


.  True  central  distance  =      ....    48?20'22'/,  which  is  but  6  se- 
conds less  than  the  result  by  the  direct  method  of  calculation. 

..     3.  When  the  angle  at  the  moon  is  a  right  angle,  or  90? :  that  is, 
when  the  log.  sine, of  the  moon's  altitude  is  equal  to  the  remainder , 
found  by  subtracting  the  log.  co-sine  of  the  apparent  distance  from 
the  log.  sine  of  the  apparent  altitude  of  the  sun  or  star,  the  correction 
erf  the  apparent  distance  is  very  little  ;  thus  :— 

Suppose  it  were  required  to  find  what  altitude  the  moon  should  have 

.when  the  sun's  or  star's  altitude  is  24?,  so  that  the  apparent  distance 

of  48M0',  may  be  as  little  subject  to^  the  effects  arising  from  parallax 

and  refraction  as  the  triangle  formed  by  the  altitudes  and  distance  will 

r  ,  admit  of . .  , 

m 

Sun's  apparent  altitude  =  .     .     .     24?  0^  Or  Log.  sine        9.609313 
Apparent  distance  =      ....     48.  40.    0  Log.  co-sine  9. 819832 


Altitude  the  moon  should  have  =     38?  0C5r:Log.  sine=     9.  789481 


Now,  the  distance  and  altitude  of  the  sun  remaining  the  same,  tha 
true  central  distance  will  be  greater  or  less  than  the  apparent,  accord- 
ing as  the  moon's  apparent  altitude  is  greater  or  less  than  that  found 
by  the  above  formula.* 

*  If  the  moou'n  horizontal  parallax  be  assumed  56^30^,  and  the  apparent  distance  and 
apparent  altitades  to  rcaiain  as  above,  the  true  central  distance  will  be  found  by  calcola* 
tlon  to  be  1'  18"  more  than  the  apparent  distance. 

K   K 
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4.  When  the  log.  sine  of  the  8un*8  or  Btar's  apparent  altitude  u 
equal  to  the  sum  of  the  log.  co-sine  of  the  apparent  distance^  and  the 
log.  sine  of  the  moon's  apparent  altitude^  the  correction  of  the  apparent 
distance  is  also  very  little ;  the  angle  at  the  moon  being  a  right  angk. 
Thus  :— 

Suppose  it  were  required  to  find  what  altitude  the  sun  or  star  shcmU 
have^  when. the  moon's  apparent  altitude  is  58?30'y  so  that  the  appa- 
rent distance  of  48?40C  maybe  as  little  aflEected  by  parallax  and  re- 
fraction as  the  triangle  formed  by  the  altitudes  and  distance  wiU  sd- 
mit  of. 

Apparent  distance^=     ....    48?40'  0^  Log.  co-sine  9. 819882 
Moon's  apparent  altitude  =    .     .    58. 30.   0    Log«  sine        9. 93Q786 

App.  altitude  the  star  should  have=  34!  16: 18r  Log.  sine=    9-  7505SS 

Now^  the  apparent  distance  and  altitude  of  the  moon  remaining  the 
same^  the  true  central  distance  will  be  greater  or  less  than  the  appa- 
rent, according  as  the  sun's  or  star's  altitude  is  greater  or  less  than  that 
deduced  from  the  above  formula.* 

Those  remarks  will  be  rendered  very  familiar  by  projecting  the 
figure  of  the  lunar  observation  upon  stercographic  principles. 

5.  When  the  moon  is  in  the  nonagesimal ;  that  is,  when  a  line  join- 
ing the  cusps  or  horns  of  the  moon  is  perpendicular  to  the  plane  of  the 
horizon,  the  correction  of  the  apparent  distance  is  also  very  little,  the 
objects  being  nearly  at  equal  distances  from  the  ecliptic,  and  on  the 
same  side. 

Now,  if  the  star  be  nearer  the  elevated  pole  of  the  ecliptic  than  the 
moon,  or,  which  is  the  same  thing,  if  the  star  be  the  highest  object, 
the  true  distance  will  be  less  than  the  apparent ;  but  if  the  moon  be 
the  nearest  object  to  the  elevated  pole  of  the  ecliptic,  viz.,  if  its  altitude 
be  greater  than  that  of  the  object  with  which  it  is  compared,  the  true 
central  distance  will  be  greater  than  the  apparent  distance. 

6.  When  the  apparent  central  distance  is  more  than  the  sun's  or 
star's  apparent  distance  from  the  zenith,  the  true  central  distance  will 
be  less  than  the  apparent :  an  exception  to  this  sometimes  takes  place 
•when  the  sun's  or  star's  zenith  distance  is  more  than  80  degrees. 


*  If  the  moon's  horisontal  parallax  be  asiumed  at  56^30",  and  the  apparent  diataaoe 
and  apparent  altitudoa  to  remain  as  above,  the  true  central  distance  will  be  found  by  ctif 
eolation  to  be  1'29^  more  than  the  apparent  disUnce. 


OF  FINDINO  THB  LONOITTTDB  BY  LUNAR  OBSEBVATIONS.         ^9 

» 

7.  When  the  apparent  distance  is  more  than  90  degrees,  it  is,  in 
generdlj  greater  than  the  true  central  distance. 

8.  If  it  be  required  to  know  what  effect  an  error  of  a  minute  in  the 
lunar  distance  will  have  upon  the  longitude  in  places  under  the  equa- 
tor, and  thence  in  any  given  latitude,  the  following  rules  are  to  be  at- 
tended to,  which  will  give  the  required  error  sufficiently  near  the  truth 
for  every  prairtical  purpose  at  sea. 

First,  to  find  the  error  in  longitude  arising  from  an  error  of  a  minute 
in  the  distance  in  places  under  the  equator ;  say, — 

The  mean  diurnal  motion  of  the  moon  in  her  orbit  is  13?  10 '35^,  and 
that  of  the  sun  59!8T,  each  taken  to  the  nearest  second.— >See' Articles 
1 1  and  13,  pages  305  and  306. — Now,  since  both  objects  are  moving 
in  the  same  direction,  viz.,  from  west  to  east,  therefore,  the  difference 
of  their  motions,  viz.,  12?  11 '27%  is  the  actual  relative. motion  of  the 
moon  in  the  heavens : — Hence,  as  the  moon's  relative  mean  motion  is 
to  the  great  circle  of  360  degrees,  so  is  an  error  of  one  minute  in  dis- 
tance to  the  effects  of  that  error  on  the  longitude  at  the  equator;  as 
thus,  by  logarithms  :— > 

Moiin's  relative  motions  12?11^27r=43887rI*og.ar.comp.  6.357664 
Greatcircleoftheequa.=360.  0.  0.  =2 1600: Logarithm  .  4.334454 
Error  in  distance^     .        0.    1.0.    or    60rLogarithm  .     1.778151 


Corresponding  error  in  the  longitude=:29:53TLogarithms     1, 470269 

Now,  from  this  the  error  of  longitude  in  any  given  latitude  may  be 
readily  found  in  the  following  manner,  viz. : — 

To  the  log.  co-sine  of  the  given  latitude,  add  the  logarithm  of  the 
error  at  the  equator,  viz.  1 .  470269  ;  and  the  sum,  abating  10  in  the 
index,  will  be  the  logarithm  of  the  error  in  longitude  in  the  given 
parallel  of  latitude,  corresponding  to  an  error  of  1 :  in  the  lunar 
distance. 

Example. 

Required  the  effect  that  an  error  of  one  minute  in  the  distance  has 
upon  the  longitude  in  a  place  which  is  50?  48^  north,  or  south  of  the 
equator  ? 

Given  parallel  of  latitude  =     ...    50?  48:  Log.  co-sine  9. 800737 
Constant  logarithm  =5 1.470269 


Error  of  longitude  =r 18.66    Logarithms  1.271006 

K  k2 


I  leiicc  it  i«  iiiaiiifeMt  that  tf n  eraor  of  aM  t|»M«fl#  in  a  lunnr  dUtaacc 
would  produce  nn  error  of  *^|  wiles  m  the  Icmptude  Hi  tbe  equator, 
and  nearly  18J  miles  in  the  parallel  of  50 MSI  norths  or  south. 

0.  Respecting  impoji$iUe  spherical  triangrles^  am  hiuied  at  in  the  pn- 
ceding  Methods  of  reducing  the  apparent  to  the  true  central  distance. 

When  the  angular  distance  hetween  the  moon  and  star  &c.  is  ]m 
than  90: ,  it  frequently  happens,  nay^  it  occurs  at  a  certain  hour  evfiy 
night,  particularly  in  low  laiUude*,  that  the  apparent  zenith  distances 
of  the  objects  and  their  apparent  central  distance  constitute  an  impcF 
feet  or  an  impossible  spherical  triiuigle.  And  thus  it.  is  that  instances 
often  ocaur  in  which  an  observer,  after  taking  the  utmost  pdns  to 
measure  a  correct  lunar  distance,  finds  his  hopes  disappointed ;  beeauie 
the  method  of  computation  by  which  he  is  accustomed  to  work  may 
not  be  adapted  to  all  species  of  triangles,  whether  poMsibk  or  imposaUlt, 

When  the  moon  and  star  &c.  are  on  the  same, aide  of  the  equinoc- 
tial, and  nearly  of  the  same  declination,  and  the  value  of  the  dedina- 
tion  not  to  diifer  much  from  that  of  the  latitude  of  the  place  of  obser< 
vation,  both  being  of  the  same  name,  the  apparent  zenith  distances  of 
the  two  objects  and  their  apparent  central  distance  will  form  an  tm- 
possible  triangle  while  rising  in  the  eastern  hemisphere ;  and,  abo, 
while  falling  in  tlie  western  hemisphere.  If  the  moon's  right  ascen- 
sion be  the  least y  she  will  be  vertical  to,  or  above  the  star  on  the  east 
Mde  of  the  meridian,  and  below  it  on  tlie  west  side  : — ^The  converse  of 
this  takes  place  when  the  star's  right  ascension  is  the  least ;  because, 
then,  the  star  will  be  above  the  moon  in  ascending  above  the  eastern 
horizon,  and  below  her  in  descending  towards  the  western  horizon. — 
As  this  phenomenon  is  peculiar  to  all  places  between  the  tropics  of 
Cancer  and  Capricorn,  during  certain  stages  of  the  moon,  therefore 
the  instances  of  imperfect  or  impossible  spherical  triangles  are  very 
numerous  : — however,  the  solution  of  one  of  those  is  full  ais  simple  as 
that  of  the  most  perfect  triangle,  provided  the  operation  be  performed 
by  either  the  first  or  the  second  Method  of  computation,  page  481  or 
page  483, 

In  certain  cases  the  imperfect  possesses  many  advantages  over  the 
perfect  spherical  triangle :  for,  when  the  moon  is  the  highest  object, 
the  distance  between  her  enlightened  limb  and  a  fixed  stir,  or  planet, 
may  be  very  easily  measured  ;  because,  in  this  instance,  as  the  sextant 
is  to  be  held  in  its  natural,  or  vertical  position,  the  distance  may  be 
observed  to  the  most  rigid  degree  of  exactness  ;  and  that,  too,  in  the 
most  boisterous  weather,  when,  perhaps,  it  would  be  almost  impossible 
to  measure  a  strictly  correct  distance  under  other  circumstances ;  such 
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as  the  two  objects  being  oti  tliffereiit  Sides  of  the  irtferldiHft,  find  tile 
tnoon  to  be  to  the  left-hatid  of,  and  considerably  lavotr  thati,  the  star 
or  planet. 

Hiiving  made  tliose  remarks,  we  will  now  proceed  to  the  practictil 
part  of  deducing  the  longitude  from  the  lunar  observations. 


Problem  IX. 

Ohen  the  Latitude  of  a  Place  and  its  Longitude  by  Account ^  the  obsoTed 
Distance  bettvcen  the  Moon  and  Sun,  a  fixed  Star,  or  a  Planet^  and 
ih&  observed  Altitudes  of  those  Objects  ;  to  find  the  true  Longitude  of 
the  Place  of  Observation. 

Rule*. 

Reduce  the  mean  time  of  observation  to  the  meridian  of  Greenwich, 
by  Problem  III.,  page  342 ;  to  this  time  let  the  moon^s  horizontal 
parallax  and  scmidiameter  be  reduced,  by  Problem  XV.,  page  361,  and 
let  the  moon's  reduced  semidiameter  be  increased  by  the  augmentation 
(Tabic  IV.)  answering  to  her  observed  altitude. 

Find  the  apparent  and  the  true  altitude  of  each  object's  centre,  by 
the  respective  problems,  for  that  purpose,  contained  between  pages 
374  and  379. 

To  the  observed  distance  between  the  nearest  limbs  of  the  moon  and 
sun,  corrected  for  index  error,  if,  any,  add  their  respective  semidia- 
meters,  and  the  sum  will  be  the  apparent  central  distance.  But,  if  the 
distance  be  observed  between  the  moon  and  a  fixed  star  or  planet,  then 
the  moon's  true  semidiameter  is  to  be  applied  to  that  distance  by  ad- 
dition when  it  is  measured  from  the  nearest  limb,  but  by  subtraction 
when  it  is  measured  from  the  remote  limb :  in  cither  case,  the  result 
will  be  the  apparent  central  distance.  With  the  apparent  and  the  true 
altitudes  of  the  objects,  and  their  apparent  ceiirtral  distance,  compute 
the  true  central  distance,  by  any  of  tlie  Metliods  given  in  Problem 
VII.,  between  pages  481  and  495. 

Now,  from  the  true  central  djstivncc,  thus  found,  and  the  given  mean 
of  observation,  the  longitude  is  to  be  determined  by  Problem  XXX., 
page  383. 

Remarks.'-U  the  watch  be  not  well  regulated  to  the  time  of  obser- 
vation, the  mean  time  may  be  deduced  from  the  true  altitude  of  the  sun, 
moon,  star,  er  planet,  used  in  the  computation,  provided  the  object 
made  choice  of  for  ibis  purpose  be  sufficiently  far  from  the  meridian 
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at  the  time  of  measuring  the  lunar  distances  j  if  not,  the  eiror  of  tk 
watch  must  be  inferred  from  the  true  altitude  of  one  of  those  olgcdi» 
when  in  a  more  favourable  position  with  respect  to  the  meriifiu: 
then  the  error  of  the  watch,  thus  founds  bein^^  applied  to  the  men 
of  the  times  of  measuring  the  lunar  distances^  by  addition  or  sabtne- 
tion,  according  as  it  is  slow  or  fast,  the  sum  or  difference  will  be  tis 
mean  time  of  taking  the  lunar  observation,  ag-reeably  to  the  meri&i 
imder  which  the  error  of  the  watch  was  obtained.  The  error  of  tke 
watch  is  to  be  found  by  Problems  II.,  III.,  IV.,  or  V.,  between  psgn 
435  and  443,  according  as  the  object  may  be  the  sug,  a  fixed  star,i 
planet,  or  the  moon. 

Ill  taking  a  lunar  observation,  it  is  necessary  that  several  distanoei 
be  measured, — that  the  corresponding  times,  per  watch^  be  carefinllf 
noted  down, — and  that  the  altitudes  of  the  objects  be  observed  at  the 
same  instants  with  the  distances:  then,  the  respective  sums  of  the 
times,  of  the  observed  distances,  and  of  the  altitudes^  beio£^  divided  by 
their  common  number,  will  give  the  mean  time  of  observation,  the 
mean  observed  distance,  and  the  mean  observed  altitude  of  each  ob- 
ject, as  particularly  explained  in  the  Method  of  taking  a  complete  set  fif 
lunar  observations,  page  335. 

Example  1. 

January  25th,  1836,  in  latitude  19?30'  north,  and  longitude  by 
account  10?35'  cast,  the  following  obser\'ations  were  taken  :  the  index 
error  of  the  sextant  with  wliich  the  distances  were  measured  was  I '  10' 
siibtractive^  and  the  height  of  the  eye  above  the  level  of  the  sea  20  feet; 
required  the  true  longitude  of  the  place  of  observation  ? 


Mean  Ti 

mes  of 

Obsen'ation. 

3* 

8- 

30 » 

3. 

9. 

3.') 

3. 

10. 

40 

3. 

11. 

45 

3. 

12. 

no 

Means   .    . 

3* 

10- 

40' 

Longitude! 
in  time  J 

-0. 

42. 

20 

r;re2nw.ti.=  2*28'"20' 


Observed  Distance  be- 
tween Moon  and  Sun. 


89°'!/' 30" 
8!). 58.  0 
SD.58.30 
8i)..'il).  0 
89.5y.30 


Mean=      .    .  8yo.")h' 30" 
Index  error »    —     1.10 
>  *8  semidiam.  +   I'l.   / 
0*»  seniidiain.  +   1G.16 


Appar.  dist.  =    90°28'  43" 


Mean  of  the  sun's  altitudes  = 
Sun's  aeinidiaineter  s  .  . 
Dip  of  the  horizon  for  20  feet  ■• 


Sun*a  apparent  altitude  • 
Correction  of  ditto  »    . 


43032'  36'' 
+   If). 16 

-  4.17 

43®44'35' 

-  0.54 


Sun*f  true  altitude- 43*'43' 41  "IMoou*«  true  altitude 


Altitude  of  Sun*8 
Lower  Liiiib. 


44**  0^40" 
43.46.40 
43.32.40 
43.18.30 
43.  4.30 

Mean=    43*»32'36" 


Altitade  of  Moob'i 
Lower  Linh. 


46**  15'  10* 

47.25.30 

48.35.50 

49.46.10 

50.56.30 

Mean*=   48*'3j'50' 


})  's  augmeRted  semidiameter: 
))  *•  reduced  horiz.  parallax  = 
Auxiliary  angle  =  60°22'49" 
Mean  of  the  moon's  alti.  «> 
Moon's  semidiamcters     .     . 
Dip  of  the  hor.  for  20  feet=: 

Moon's  apparent  altitude  s 
Correction  of  ditto «     .    .    • 


-    15*  ;• 

54.47 

48.35.50 
+  15.  7 
-    4.17 

48»46'40'' 
+  35.16 

49021' 56^ 
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To  find  the  True  Central  Distance^  and  the  Longitude. 

Diffei^nce  of  app.  altitudes  =  5?  2i  5'^ 

Auxiliary  angle  =      ...  60.  22. 49    ISee  Method  I.,  page  481. 

Apparent  central  distance  =  90. 28. 43  J 

Sum  of  the  two  first  term8=65?24'54''Nat.  ver.  sine  sup.=  1.  416042 
DiflTerence  of  ditto  =  .  .  55.  20.  44  Nat.  ver.  sine  sup.=  1. 568626 
Sum  of  the  two  last  terms = 150.  51 .  32  Natural  ver.  sine  =  1 .  873423 
Difference  of  ditto  =  .  .  30.  5. 54  Natural  ver.  sine  =  0. 134834 
Difference  of  the-true  alt8.=   5.  38.  15  Natural  ver.  sine  =  0. 004836 


True  central  distance  =      .  89?52^  18rNatural  ver.  sine  =  0.99776J 

Nearest  preced.  dist.  at  0t=88.44.   4  P.  log.  3372.— Diff.9,  increai- 

fn^;seeR.,p.383. 

Difference  of  ditto  =     .     .1?  8n4rP.  log.  4213 

Portion  of  time  =      .     .     .    2 ? 28TI8 f  P.  log.  084 1 
Hme  at  nearest  preced.  dist. =0.   0.   0 

Approxi.  time  at  Greenwich =2*28"  18? 

Correction,  Table  A  3=  .    .        -     2  :— See Art.80& 81,p.335&337. 

Cor.  mean  timeat  Green  wich=2t287l6f 
Mean  time  at  place  of  obs.  =3. 10. 40 

Longitude  of  ditto,  in  time  =0 *  42724!= 10 ?36C0^'  East. 

Note. — It  is  essentially  necessary  to  attend  to  the  correction  in 
Table  A  ;  because,  in  some  cases,  its  omission  might  affect  the  longi- 
tude to  the  value  of  12  or  13  miles  :  an  instance  of  this  will  be  shown 
in  the  seventh  Example  of  this  series. 

Example  2. 

February  1st,  1836,  in  latitude  45?  40.'  north,  and  longitude  by  ac- 
count 60?  15'  west ;  the  mean  of  several  distances  between  the  moon's 
nearest  limb  and  the  star  a,  Arietis  (taken  after  the  manner  set  forth 
in  the  preceding  Example)  was  86?42'20'';  and  that  of  the  corre- 
sponding times,  per  watch,  properly  regulated  to  mean  time  at  the 
place  of  observation,  6*  20740  f ;  at  the  same  instant  the  mean  of  an 
equal  number  of  altitudes  of  the  moon's  lower  limb  was  23?  12' 12'', 
and  that  of  the  star  63?  19' 46''  : — the  index  error  of  the  sextant  used 
in  measuring  the  distances  was  1  '30''  additive  ;  and  th6  height  of  the 
eye  above  the  level  of  the  horizon  22  feet  j  required  the  true  longitude 
of  the  place  of  observation  ? 


M*a::tiaie  of  ob«rT.=  6'3Jr40*  j   >  s  red.  scnuduun.  =         15!  3t 
La  unie  =      ...     4.    1-   0  


.   > 'a  cor.  semidiain.  =  15'  8- 

Greec.-«^ica  tizie  =     .  I-  -i  '■^*'-      )  *s  cor.  horiz.  par.  =        55. 14 

AaxilLiry  ugle  =      .  GO?  1 1  '.45? 


Ofca^rrec  distance  =    S5  42  SJ' 

Isdcx  error  =        -     -     -   l-*)  > '5ob.alt-,lowerliiub=23U2'12! 

)'*  ci^rr«ct  *e2i:iLi=i.=  -13.   8  ) 'i  ycniidianietcr  ^      +    15.8 

Dip  for  22  feet  =     .     _    4.30 


App- cect.  distance  =  J!?l>"58'o'^ 


)  's  apparent  altitude =23^  22 toOT 
Star  *  obic^rved  all.  =  (33 :  i  9  -  46 '     Correction  of  ditto  =     +   48. 31 
Diptfhor.f  r22feei=   -  4.3'.> 


Moon's  true  altitude^  24: 1 1 :2i: 


5":i7*s  appar.  altitude=t>3'  15 .  16r 
Correction  of  ditto  =    —     0. 29 


b:r:r's  tme  altiti:de  =  (53:14  47r  ■ 

To  find  the  True  Central  DUtance,  and  the  Longitude. 

See  Method  II.,  page  483. 


Sum  of  the  two  first  temi5=  146. 41) :51 'Natural  ver.  sine  =  1.83/059 
Difforence  of  ditto  =  .  .  2*3.  it}.  21  Natural  vor.  sine  =  0.  101592 
Sum  of  the  two  hvst  terms =14/.  \0.43  Natural  ver.  sine  =  1.8408&1 
Difference  of  ditto  =  .  .  2G.  47. 13  Natural  ver.  sine  =  0. 10/311 
Sum  of  the  true  altitudes  =  87. 2i5.   8  Nat.  ver.  sine  sup.=  1.044/43 

True  central  distance  =    .     Si):  13 : 1 1  tNatural  ver.  sine  =  0. O340G0 

Xeartst preceding iU<t. at  9'  =85. 31. 45  P.L.  2949.— Diff.lOrfrcreawii^; 

see  Rule,  p.  SB. 

Difference  of  ditto  =      .     .    0:41 :26rP.L.  6379 


Portion  of  time  =      .     .     .     1  *21  T43  ?  P.L.  3430 
Timeatnearestpreced.dist.=  9.   0.   0 

Approx.  time  at  Greenwich=:  I0!21  T43 ' 

Correction,  Tabic  A  =    .    .        +     3— See  Art  80&  81,  p.  335  & 337. 

Cor.mn.  timeatGreenwich=:10?2lT46! 
Mean  time  at  place  of  obs.  =  6. 20. 40 

Longitude,  in  timc=      .     .     4*   1^  Cl=60?16:30r  West, 
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Note. — ^This  Method  is  also  adapted  to  the  solution  of  a  perfect  or 
possible  spherical  triangle. — See  Remark  at  the  end  of  Method  VI ., 
page  489. 


Method  XII. 

•  * 

To  the  apparent  distance  add  the  apparent  fdtitudes  of  the  objects ; 
take  half  the  sum,  and  call  the  difference  between  it  and  the  apparent 
distance  the  remainder. — ^Thcn, 

To  the  logarithmic  difference  (its  index  bein|f  augmented  by  JO), 
add  the  logarithmic  co-sines  of  the  half  sum  and  the  remainder ;  from 
half  the  siim  of  these  three  logarithms  subtract  the  logarithmic  co-sine 
of  half  the  sum  of  the  true  altitudes,  and  the  remainder  will  be  the 
logarithmic  sine  of  an  arch.  Now,  the  logarithmic  co-sine  of  this 
arch,  being  added  to  the  logarithmic  co-sine  of  half  the  sum  of  the 
true  altitudes  (rejecting  10  from  the  index),  will  giye  the  Ic^^thmic 
nine  of  half  the  true  central  distance. 

• 

Note. — See  General  Remarks,  page  482. 

Example. 

Let  the  apparent  central  distance  between  the  moon  and  Spica  Vir- 
jinis  be  37?12M0r,  the  star's  apparent  altitude  ll?27'50r,  the  moon's 
apparent  altitude  40?55'15'',  and  her  horizontal  parallax  54^10^; 
required  the  true  central  distance  ? 

Star's  apparent  alt.=:  ll?27'60^'-Correc.  4:35rTruealt.i=ll?23:i5r 
Moon'sapparentalt.=40.55. 15  +Correc.39.51  Truealt.=41.35.   6 
(Apparent  cent.  dist.  =3/.  12. 40 

Sums     ....    89?35:45r 

L.  diff.=  19. 995703 

Half  sum  =       .     .    44?47:52i'/L.co.si.  9.851012 

Remainder  =    .     .       7-  35. 12^  L.  co-si.  9. 996181 

Sum=        ....    39.842896 


Half  sum  =     .     .     .     19.921448 
Balf8umoftruealt.=26?29:i0irL.  co-si.  9.951844    .     .    9.951844 

Irch  =    ....    68?48:45r  L.sine=9.9e9604L.co-&i.  9. 558014 

lalf  the  true  distance  =     .     .    .    18^52:26^?  Log.  sine=  9. 509858 

'rue  central  distance  —      .    .    t    37M4'53^ 
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To  compute  the  true  Distance  by  Method  III.^  P*gc  4^* 

Apparent  central  dUt.  92?57' 45:  N.V.S.  1 .  051662 

Diff.  of  apparent  alts.  19. 28. 40   N.V.S.    .  057229  LogiUff. 9. 994463 


Remainder  =  .  994453  Log.        5. 99756( 

Natural  number       961854  Log.  =  5. 9920(7 

Difference  of  true  alta.  20?  7:39r  N.V.S.=  061070 


True  central  distance  92?27:36r  N.V.S.  1.042924 
Ntar.  pr.  dist.  at  15t  =93. 29. 52    Prop.  log.  2627*— *Diff.  of  Log8.s0. 

— Sec  R.,  p.  388. 

Difference  of  ditto  =     1  ?  2: 16r  Prop,  log,  4610 


Portion  of  time  :=  .     .  1  ^54?  1 !  Prop.  log.  1963 
Ti.atnear.prec.di8t.=  15.   0.   0 


Cor.  mn.  time  at  6r.  s=  16^54?  1?  : — ^The  sun's  declination  reduced  to 
this  time  is  4?5'  15r  south ;  and  the  equation  of  time  10?30!  oMiwe 
to  apparent  time. 

To  find  the  Mean  Time  at  ship  or  place^  and  the  Longitude.  * 

Sun's  true  central  altitude  =  30°ir44r 

Sun's  south  polar  distance  =  85.54.45     Log,  co-secant  =  0. 001106 

Latitude  of  the  ship  or  place=43. 17-   0    Log.  8ecant=       .  0. 137855 


Sum  =  ....  I59?23:29r  Constant  log.       .  6.3O1O90 


Half  sum  =     .     .     79MI  :44ir Log.  co-sine  .     .9.252553 
Remainder  =  .     .     49. 30.  OOi  Log.  sine  ...  9. 881(M7 


Sun's  horary  distance  from  meridian  3*25?10!  Log.  rising=5. 573591 


Apparent  tmie  of  observation  =     .  20*34'!'50f 
Reduced  equation  of  time  =     .     .      + 10, 30 


Mean  time  at  place  of  observation  =  20*  45  "20! 
Mean  time  at  Green \vich=   .     .     .  16.54.    1 


Longitude  of  ship  or  place,  in  time    3*5lri9r  =  57°49'45r  East 
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Example  4« 

April  1st,  1836,  in  latitude  49  ?30'  south,  and  longitude  by  account 
6l!30^  east;  the  mean  of  several  distances  between  the  moon's  nearest 
limb  and  the  star  Antares  was  56?23'52^,  and  that  of  the  correspond- 
ing times  per  watch,  not  regulated^  13t37"10! ;  at  the  same  instant  the 
mean  of  an  equal  number  of  altitudes  of  the  star  was  56?49. 16'%  and 
that  of  the  moon's  upper  limb  38?  13^  12?  :  the  index. error  of  the 
sextant  used  in  measuring  the  distance  was  I '20'"  additive;  and  the 
height  of  the  eye  above  the  level  of  the  horizon  23  feet;  required  the 
longitude  of  the  place  of  observation  ? 

D  's  augm.  semidiam.r:       16'  13^ 
D  's  red.  horiz.  parallaxes   58 '52? 


Timeofobs.  per  watch  13t37?10f 
Long.6l?30E.,intime-4.   6.   0 

Greenwich  time  =      .    9*31?10f 
The  star's  obs.  alt.  re- 
duced to  app.  alt.  is  56?44'40? 
Correction  of  ditto      .       —0. 37 


Star's  true  altitude  =    56?44^  3 


Alt.  of  moon's  up.  limb 
red.  to  the  app.  alt.  is  37^52^ 23r 
Correction  of  ditto      •        45. 15 


Moon's  true  alt.  =      .  38^37^38? 


Ob8.dist.of])'snear.li.=r56?23^52r^  Log  difference  =^9.995616 
Index  error  =  .  .  •  +1.20  >  See  Method  IV.,  page  486. 
Moon's  semidiameter   .     +16. 13  J 


Apparent  central  dist.=  56?41  r25rN.  V.  S.     450835 
Sum  of  the  app.  alts.    .  94.37.   3  N.V.S.sup.919496 

Remainders 468661  Log. =5. 670858 

Logarithmic  difference  x= 9. 995616 

Natural  number 463953  Log. =5. 666474 

Sum  of  the  true  alts.  =  95?2i:4irN.V.S.8up.906562 

True  central  distance      56?  7-28rN.  V.  S.     442609 

Near.  prcc.  dist.  at  9*  =  56. 24. 58  Prop.  log.      2317  Diff.  1 1  deer.  — 

See  Rule,  p .  383. 

Difference  of  ditto      .     0?17-30':Trop.  log.   1.0122 

Portion  of  time       .     .    0*29T50r Prop.  log.      .7805 
Time  at  near.  prec.  dist.  9.   0.   0 

* 

Approx.  time  atGreenw.  9!29T50f 

Correction,  Table  A  =r  +2  :— See  Articles  80  and  8 1, p.  335  &  337. 

Cor.mn.ti^atGreenw.=9t29?52!  :— The  mean  sun's  right  ascension 
reduced  to  this  time  is  0^4173!,  taken  to  the  nearest  second* 
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Tu  IiikI  the  Mean  Time  nt  ship  or  place^  and  the  Long 

True  altitude  of  Antarea  =       56?44:   3r 

Poh\r  dislaiice  of  ditto    .     .    63.56.  15     Log.  co*8ecant=s 

L;ititude  of  ship  or  phice     •    49. 30.    0     Log.  secaut  =   . 

Sum  =      ...     1 70?  10^  18r  Cojifitaiit  log.  = 

Half  sum  t=i        .      Kj?  .5-  9^  Log.  co-sine  = 
Ucmaiiidcr  =      .       28.21.   6     Log.  sine  =:    .     . 

Star's  horary  dijjt.  ca«t  of  merid,  =  2*  2"29'  Log.  risings 
Star's  right  ascension ]6.  19.22     to  the  tiearesi 

Right  ascension  of  llie  meridian  =  14*  16"53! 
Mean  sun's  red.  right  ascension  =    0.41.    3 

Mean  time  at  place  of  observation=13*35T50! 
Cor.  mean  time  at  Greenwich    .     .    9.29.52 


Longitude  of  ship  or  phice,  in  iime^At  5T58!=61?29^30r  ! 

Example  5. 

April  1st,  1830,  in  latitude  40?  Ip^  north,  and  longitude  b; 
40:20!  west;  the  mean  of  several  distances  between  the  niooi 
limb  and  the  star  Pollux  was  82f  loC/^j  and  that  of  the  com 
time  per  watch  not  re(/ulafcd7''.39'^3ij'  :  at  the  same  instant, 
of  an  equal  number  of  altitudes  of  the  star  was  74?55M5'3 
of  the  moon*s  upper  limb  I5?24fo'!^  :  the  index  error  of  thi 
used  in  measuring  the  distance  was  1'20^  aubtractivei  and  ti 
of  the  eye  above  the  level  of  the  horizon  21  feet^  required  t 
tude  of  the  place  of  obser^^ation  ? 

Time  of  obs.  per  watch   7*39T36f  ![    I>  's  augm.  semidiam.= 
Long.  40?20^  W.,in  ti. +2. 41 . 20    j!    D  'a  red.  horiz.  parallnxr 


Greenwich  time  =      .  10*20r56f 


TIic  star's  obs.  alt.  re-  \ 

duced  to  app.  alt.  is  74?50:5ir 


Alt.  of  moon's  up.  limb 
red.  to  the  app.  alt.  is  15 


Correction  of  ditto     .       —0. 15    j!  Correction  of  ditto       i    -f 


Star's  true  altitude  =  74?50^36''  ! 


Moon's  true  altitude— r  15 


Log.  difference  =      ......     9»9062SO 
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3s.dist.  ])*srem.limb=82?15:  71'^ 

dex  error     .    •     .     .       -1.20    >  Sec  Method  V./ page  487. 

oon's  semidiameter  .     — 16.    7  J 

>pareTit  central  dist.  =81  ?57M0rHalf=40?58:50'/Log.diff.9. 998250 
flference  of  app.  alts.  59.47- 16  Half =29. 53. 38  Const.L.fi.  301030 

-   ■ 

Sum=a 70^52:28fLog.Bine9. 976342 

Differences 11.   5. 12  Log.iiine9.383964 

itqral  number .     .      361898  Log.  =  5, 558586 

if.  of  the  true  alts.=  58?53'39rN.V.S.   483380 


ue  central  distance      81?  5:58^N.V.S.   845278 

?ar.  prec.  dist.  at  9*  =  80.  17.  48  Prop.  log.  2310  Diff.  10  rfecr.— See 

Rule^  page  383. 

fference  of  ditto        .     0?48^  lOrProp.  log.  6725 

►rtion  of  time  =    .     .     1*22?  0!  Prop.  log.  3415 
me  at  near.  prec.  dist.  9.   0.   0 

iprox.  mn.  ti.  at  Gr.  10*22?  0', 

rrrection.  Table  A  =  +3 :— See  Art.  80  and  81,  p.  335  &  337. 

r.  mn.  time  at  Gr.=  10?22?  3'  : — The  mean  sun's  riglit  ascension 
luced  to  this  time  is  0*41?  12'  to  the  nearest  second;  the  moon's 
:ht' ascension  is  12*50?27',  and  her  declination  1?56'17*  south: 
tice  her  north  polar  distance  is  91  ?56'  17'' 

To  find  the  Mean  Time  at  ship  or  place,  and  the  Longitude. 
m  alt.  of  the  moon's  centre=15?56'57? 

x>n's  north  polar  distance  .  91.56. 17  Log.  co-secant=0. 000249 
Utude  of  the  ship  or  place     .  40. 10.   0    Log.  secant  ==     0. 116809 

Sum=       ....  148?  3^14'^  Constant  log.  =  6.301030 

Half  sum  =    .     .     .    74?  If 37'^  Log.  co-sine  =    9.439626 
Remainders      .     .     58.   4.40   Log.  sine  =      .9.928788 

X)n'8  hor.  dist.  east  of  meridian  4*28^35  f  Log.  rising  =5.786501 
)on's  reduced  right  ascension   .  12.50.27 


^  I 


ght  ascension  of  the  meridian    •    8t21?52' 
ean  sun's  red.  right  ascension    .    0.41, 12 

% 

eai^time  at  place  of  observation    7*40?40! 

eM  tunQ  at  Greenwich    «     •    .10.22.   3  ^ 

^ngitude  of  ship  or  place,  in  time  2*41  ?23?»40?20C46:  West. 
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Example  6. 

May  22nd,  1836,  in  latitude  34? 45^  south,  and  longitude  hj  acooont 
44?30^  east,  at  10V28T0!  per  watch  not  regulated^  the  mean  of  serenl 
distances  between  the  moon's  remote  limb  and  the  star  Spica  Virpnii 
was  61?41  '58^  :  at  the  same  time  the  mean  of  an  equal  niunher  of 
altitudes  of  the  star  was  39?55'0^,  and  that  of  the  moon's  lower  liob 
27?51'10r  (the  altitudes  were  but  imperfectfy  oburved,  owing  ton 
obstructed  horizon) ;  the  index  error  of  the  sextant  uaed  in  measoriiy 
the  distance  was  0'  10^  additive,  and  the  height  of  the  eye  above  tlie 
level  of  the  horizon  19  feet;  required  the  true  longitude  of  the  place 
of  obsen'ation  ? 


Time  of  obs.  per  watch  10t28r  Of 
Long.  44 ?30:  E.  in  ti.-2. 58.   0 


Greenwich  time  =      .   7*30T  0' 


The  star's  obs.  alt.  re- 
duced to  app.  alt.  is39^50'.49r 
Correction  of  ditto      .      —1.   9 


Star's  ti-uc  alt.  =    .    .39?49M0r 


])  's  aug.  semidiametertte  15f4$T 
}>  'a  red.  horiz.  parallax  =:57!27T 


Alt.  of  moon's  low.  limb 

red.  to  the  app.  alt  u  28?  2145? 
Correction  of  ditto       •    +48.56- 


Moon's  true  altitude^:  28?51  '41? 


Obs.dist.  D  'srem.limb=61Ml  '581^  Log.  difference  =9.996770 

Index  error +0.10    >  See  Method  VL^  page  488. 

Moon's  semidiameter        —15.46  J 


Appar.  central  dist. 
Sum  of  app.  alts.     • 

Sum  = 
DiflFerence 


61?26'22rHalf30?43:lirLog.diff.  9.996770 
67?53:34rHalf33?56M7^Const.  L  6.301030 

64!39:58rL.co.8ine  9. 631335 

3.13.36  L.co-8ine  9. 999311 


Natural  number  = 848098  Log.  s    5. 928446 

Sum  of  true  alts.  68?4l '21  rN.V.S.sup.l. 363427 

True  central  dist.  61?  0^32rN.  V.  S.       .516329 

Nr.prec.dis.at6!  =61, 46. 27  Prop.  log.  2931  Diff.  10  rf«r.— See 

Rule,  page  383. 

Difference  of  dit.o  0?45:55rProp.  log.  5933 

Portion  of  time      •  li30Tl0fProp.log.     =  3002 
Ti.atnear.prec.dist.6.   0.   0 

Approx.  ti.  at  Qr.  7i30rlOf 

Correc.  Table  A.  4  3  —See  Articles  ^0  and  81,  p.  335  and  397. 

Cor.mn.ti.atGrecn.7  •30ri3: 
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Since  the  obatniction  of  the  horizon  prevented  the  altitudes  of  the 
objects  from  being  taken  to  that  degree  of  accuracy  which  is  so  essen- 
tially necessary  to  be  observed  when  the  mean  time  is  to  be  inferred  from 
dither  of  them  (though  sufficiently  exact  to  be  employed  in  the  reduc- 
tion of  the  apparent  to  the  true  central  distance) ;  therefore  at  20^2070? 
past  noon  of  the  same  day^  and  per  the  same  watch,  the  sun's  altitude 
was  observed^  and  when  reduced  to  the  true  was  found  to  be  14?  12  '33f ; 
at  which  time  the  latitude  of  the  ship  was  35?  15^  south. — Now,  from 
these,  the  mean  time  at  ship  and  the  longitude  are  to  be  obtained  in. 
the  following  manner,  viz.  :— 

•'  Time  of  obser\'ing  the  sun's  akitude  per  watch     .     .  20^207  0! 
;.  lime  of  observing  the  lunar  distance 10.28.   0 


Interval  between  the  times  of  observation     •     .     •    •    9^5270! 
Mean  time  of  lunar  observation  at  Greenwich   •    •    •    7*  30. 13 


Mean  time  at  Greenw.  of  obsendng  the  sun's  alt.  «     17^22Tl3f 

Now,  the  sun's  declination  reduced  to  this  time  is  20?35'25^  north; 
L   and  the  equation  of  time  3TS5  ?,  subtractive  from  iqiparent  time. 

Sun's  true  central  altitude   I    .     14?12^33r 

Son's  south  polar  distance  •    .110.35.29    Log.  co-secant  0. 0286/2 

Latitude  of  the  ship       .    .    .    35.15.  0    Log.  secant   .  0.0679C8 


Sum» 160?  3:  2r  Constant  log.    6.301030 


Half  sum  =     ...    80?   1 131  r  Log.  co-sine      9.238582 
Remainder »  .     .     .     65.48.58    Log.  sine    .    .9.96010/ 


Sun's  horary  dist.  from  the  mer.    3*36T20!  Log.  rising  =5.616359 


Apparent  time  of  observation  =   .  20^23?*J0! 
'Reduced  equation  of  time    .     .     .       —3.35 


Mean  time  of  observation  at  ship  =20^20?  5? 
Mean  time  of.  ditto  at  Greenwich    17*22. 18 


Longitude  of  the  ship  in  time  =  2?57"52!»44?28:0r  east;  which 
is  the  correct  longitude  of  the  place  where  the  sun's  altitude  was  ot- 
aerved  for  determining  the  mean  time. 


C 12  «Am€.&& 


<. — hK£U  cc  i-iifi^  ;^  iai€rrml  bcfgii  the  time  of  ok- 
serrLi^  :.:<  l:^ar  i,*::a-of  uii  lio:  cpI  sakia^  the  Min'«  altitiidcj  M 
ijj-^^t :  -^  *  par:  c/  '.ie  :9e;uj<>^  zzllt  be  perfomied  as  foUowi ; 
'wLj:z^  periips.  =:at   i<  =:j.:o£  i^ul^lgible  to  thooie  who  arc  not  voj 


«^^ 


::1    f  :^--errjirihe*3s'«ahitade    .     .     20. 20.   0 


Emr  :f  :be  -r^r'^.  '*^h:d  i*  #.c?-  for  me^n  lime        .  +0T  5' 

T.LLt  7-cr  -rnSz,  ■::   ::«s<rrir:z  tie  I  .mar  tii^taace         •     10.23.   0- 


Corrcv.^  rufiii  tizie  of  .-Vserrias:  ditto 10*28'!'  5* 

CV.rrect  cicau  ti-ie  -t  Gneenwicb,  per  lunar  ibtaDce       7-  30. 13 


L/-.r.j:tu4e.  :::  tlzie.  t!:e  *cjRe  as  riboTe  =     ,     .     .     .       2*57"52f 

AV/^. — ^The  y«^u:i^  nariga:or  must  bear  in  miud  that  the  longitude 
iletermlned  i:i  ::*:»  manner  irill  net  be  for  the  place  where  the  lunar 
distance  was  obserred ;  but  for  ikmi  im  K-kich  ike  tim't  mliUmde  was 
icktii  for  the  purpose  of  finding  the  correct  mean  time  at  ship,  or  the 
€rrcr  kA  r..e  v/atcli. 

Remark, — In  titkit:^  a  Innar  oi$erraiton^  it  is  cinstoniary  to  hare  three 
a:»si<^tantS;  tuo  of  v. bom  are  to  observe  the  altitudes  of  the  objects  at 
the  monier.t  that  the  principal  obser\'er  measures  the  distance ;  the  third 
is  to  be  provided  with  a  watch,  showing  seconds,  and  to  note  down 
carefully  ihe  respective  times  of  ob^erration,  with  the  corresponding 
di&taiiccs  and  altitudes,  as  expressly  pointed  out  in  Article  79^  f^ 
335.  But,  hince  it  sometimes  happens,  particularly  in  small  ships,  that 
the  necessary  assistant  observers  cannot  be  in  readiness,  or  at  liberty 
to  attend,  the  follow  ing  instance  is  i^iven^  by  which  it  will  be  seen  hovr 
one  person  may  take  the  whole  of  the  observations  himself,  without 
any  other  assistant  than  merely  a  person  to  note  down  the  times  of  ob- 
servation, per  watch,  with  their  respecti\e  distances  and  altitudes. 

Example  7» 

AugUHt  24th,  1836,  in  latitude  43:23^  south,  and  longitude  by  ac^ 
count  40:20'  west,  the  following  observations  were  made  for  the  pur- 
pose of  determining  the  true  longitude  :  the  iudex  error  of  the  sextant 
used  in  measuring  the  distance  was  1  '40''  subtraoiive ;  and  the  hcigbt 
of  the  eye  above  the  level  of  the  sea  17  feet. 
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Cor.  Mn.  Time. 

7*20?20f  Altitude  of  Fomalhaut  = 

7. 20. 40  Ditto 

7.21.  0  Ditto 

7. 21.30  Alt.  of  j>  's  lower  Umb= 

7-22.  0  Ditto 

7. 22. 30  Ditto 

7>  23.  0  Dist.  of  }>  's  remote  limb= 

7. 23. 50  Ditto 

7. 24. 40  Ditto 

7. 25. 10  Alt.  of  T>  's  lower  limb  = 

7. 25. 40  Ditto 

^  7. 26. 10  Ditto 

7. 26. 40  Altitude  of  Fomalhaut  = 

7.27.  0  Ditto 

7. 27, 20  Ditto 


?45M0'r^ 

.51.  0    J.7*20r40f 

.56.20  J 
3.42.30  1 
3.45.20    J. 7. 22.  0 
8.48.10  J 


27?45M0'r 
27 

27 

43.42.30 

43 

48 

;26.51.10 

26 

26 

44. 13. 10 

44 

44 

28.53.10 

28 

29 


Means  of  the   Meant  of  the 
Timet.       Alts,  and  Dist. 


27?51'  0: 


43. 45. 20 


.51.10  1 
.50.40    i.7.23. 
.50.10  J 
.13.10  1 
.16.  0    ^7.25. 
.18.50  J 
.53.10  1 
.58.30    i.7.27.  0 
.  3.50  J 


50    26.50.40 


40    44.16.  0 


28. 58. 30 


To  find  the  Star's  Altitude  at  the  'Hme  of  taking  the  mean 

Distance. 

Isttime7*20r40f  l8talt57?51^  01  I8ttime7?20r40:  J8talt.27?5i:  0? 
2dtime7.27.  0   2d  alt.28. 58. 30\2n!L }  7- 23. 50 


As    Ot  6r20J  are  to   1?  7'30r  soareOt  STIO:  to      +    33.45 


Star's  observed  alt.  at  time  of  taking  the  mean  distance  =:  28?24'45' 

To  find  the  Moon's  Altitude  at  the  Time  of  taking  the  mean 

Distance. 

I8ttime7*22r  0?  l8talt.43?45^20r  l8ttime7.22r  Of  l8talt.43?45:20r 
2d  time7. 25. 40   2d  alt.44. 16.  0   ^STaS. }  7- 23. 50 


As    Oi  3'r40!  areto   0?30:40'/  soareO*  1"50!  to.     +     15.20 


Moon's  altitude  at  time  of  taking  the  mean  distance  =        44?  0'40?  . 
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Computation,  ftc. 


Mean  time  of  obs.  .     .  /•23T50?  '   '*  -    tj?        --  i^#«s 

Loiig.46?20:W.,inti.+3.   5.20 


D  ^8  aug.  senlidiameter  =    16 '85^ 
D  's  red.  horiz.  parallax  =  60«  8 


Gfeenwich  time  =        10»29ri0?  i 


The  obs.  alt.  of  Fomal-  h  Alti  of  d  'b  lo^er  limb 

haiit  red*  to  app.  alt.  i828?20r48r  ^    red.  to  the  app*  alt.  is  44?  13'  18r 
Correction  of  ditto     .       —1.45      Correction  of  ditto      .     +42.   8 


Star's  true  altitude  =  28?19:  31 J  Moon's  true  altitude=  44?55:26' 

Logarithmic  difference  =  9. 994877- 


!.di8t.2>'srem.li»  26?50'40r'^ 

.  error  of  the  sext.=  — 1.40    >  See  Method  VII. 5  page  489. 

on's  semi-diam.  =—16.35    J 


Appar.ccnt.  diet.  =  26°82:25rHalf=:13n6:i2ir 
Half  difference  of  apparent  altitudes  =7*  56. 15 


Sum  of  ditto  i± 21?12^27i^li.8ine=&,6&8407 

Difference  = 5. 19.57i    L.  sineaCla  96B10B 

Logarithmic  difference  =    .     ^     .     .     •     .     s     i  9i  094877 


Sum,  abating  10  in  the  index  = 18. 521476 


Arch= 10?30f  9r    L.  8ih«^9. 260738 

Half  difference  of  the  true  altitudes  =  8. 18.  Hi 


Sumofditto= 18?48^20irL.co-8.=9. 976175 

Difference  = 2. 11.57i   L.co-8.=9.999680 


Sum=      ....  19.9768S5 


Half  the  distances         13?26r50r      .     .    Log.  eo-sinea  9.987927i 


True  central  distance  =  26?53M0r 

Near.  prec.  dist.  at  9*  =  27-  36. 59   Prop.  log.  3183  Diff.155  incr. — See 

Rule,  page  383. 

Difference  of  ditto  =        0 ?43 : 1 9r  Prop.  log.  6186 


Portion  of  time  =     .    .  1  !30:  9  f  Prop.  log.  3003 
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Portion  of  time  =     .     .  1*30'"  9! 
Time  at  near.  prec.  d{8t.«B9.   0.   0 


Approx.  ti.  at  Greenw.=10t30?  9' 

Correction,  Table  A.  =  —  49  :  See  Arts.  80  and  81,  p.  336  &  337. 


Corr.mn.  ti.atGreenw.a:10*29r20  ? 
Mni  time  at  pi.  of  ob8.=  7-  23.  50 


Long,  of  ditto  in  time  =  3*  5^30!  ==  46?22:30?  West. 

Note. — In  this  Example  we  see  the  necessity  of  attending  to  the 
correction  contained  in  Table  A  :  the  neglectingof  that  would,  in  the 
present  instance,  produce  an  error  of  12 J  miles  in  the  longitude. 

Remarks, —  1.  Proportional  logarithms  will  be  found  very  convenient 
in  the  reduction  of  the  altitudes  of  the  objects  to  the  time  of  takings 
the  mean  lunar  distance  :  thus,  to  the  arithmetical  complement  of  the 
proportional  logarithm  of  the  first  term,  add  the  proportional  logafithtxls 
of  the  second  and  third  terms ;  and  the  sum,  abating  10  in  the  index, 
will  be  the  proportional  logarithm  of  the  reduction  of  altitude. — See 
Example,  page  75  or  76- 

2.  In  taking  the  means  of  the  several  observations,  those  which  arfe 
evidently  doul)tful  or  erroneous  ought  to  be  rejected.  A  doubtful  alti- 
tude or  distance  may  be  readily  discovered,  by  observing  if  the  suc- 
cessive difFerences  of  altitude  or  distance  be  proportional  to  those  of 
the  times  of  observation.  If,  however,  the  time  (which  is  supposed 
to  be  accurately  noted)  and  two  of  the  observations  be  correct,  the 
erroneous  observation  may  be  easily  rectified  by  the  rule  of  proportion. 

In  order  to  attain  the  greatest  accuracy  in  deducing  the  mean 
from  a  scries  of  observations,  these  ought  to  be  taken  at  equal  inter- 
vals of  time,  as  nearly  as  possible  ;  such  as,  one  minute^  one  minute  and 
a  half,  or  two  minutes. 

Example  8. 

January  21st,  ia35,  in  latitude  14?10:  '•e**,  and  longitude  by 
account  94?30:  east;  at  18^6717 ',  correct  mean  time,  the  mean  of 
several  observed  distances  between  the  moon's  bright  limb  and  that  of 
Venus  was  51?0'3'' ;  at  the  same  time  the  mean  of  an  equal  number 
of  altitudes  of  the  moon's  upper  limb  was  85?12 :29'',  and  that  of  the 
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lower  limb  of  Venus  54?31 :32'r?  the  height  of  the  ^e  above  the  level 
of  the  sea  was  20  feet^  and  no  error  m  the  sextant ;  required  the  tme 
longitude  of  the  place  of  observation  ? 


Mean  time  of  observ.=18*  6T17' 
Longitude  94?30^  easiy 

in  time  =     ,     ,     .  —6. 18.   0 


Greenwich  time=    .     11*47- 17- 

Ob.alt.of  D  '8up.Umb=85?12:29r 
Semidiameter=     .     .     — 16. 23 
Dip  of  the  hor.for20ft.=:-  4, 17 


Moon's  apparent  alt.=  84?51 149r 
Correction  of  ditto=     .     +6. 14 


Moon's  true  altitudei=  84?57'  3: 


n 


Auxiliary  angles  60?33:   1^' 


Difference  of  ap.  alts.=  30? 24^  2r 
Auxiliary  angle  =     .     60. 33.    1 
Apparent  distance  =     51. 16.    4 


])  's  augl  semidiameter  =  16123^ 
D  's  red.  horiz.  parallax=  5d'10' 
Venus's  semidiameter=  •  22' 
Venus's  horiz.  parallax  =         22! 

Observed   alt.  Venus^s 

lower  lunb=     .    .    54?31'32f 
Semidiam.  of  Venus  =     +0.22 
Dip  of  hor.  for  20  feet=  —  4. 1/ 


Venus's  apparent  alt.=54?27'37' 
Correction  of  ditto  =       —  0. 28 


Venus's  true  altitudes  54  ?27'  9^ 


Observed  distance  =     51?  O:  3r 
])  'b  semidiam.^  nearest 

limb  =r      •     .     •     •     +16.23 
Venus's  do.,  rem.  limbss  —  0. 22 


App .  central  distances  5 1^16^  4! 

"  See  Method  I.,  p.  481. 

Sum  of  two  first  terms=90°57^  3TNat.  versed  sine  sup.      .  0. 983405 

Difference  of  ditto  =     30.   8. 59  Nat.  versed  sine  sup.      .  1. 864715 

Sumoftwolastterms=111.49.   5  Natural  versed  sine  \,  .  1.371661 

Difference  of  ditto  =       9. 16. 57  Natural  versed  sfaie   •     .  0. 013095 

Dif .  of  the  true  alts,  s  30. 29^.  44  Natural  versed  sine  .     .  0. 138332 


True  central  dist.  =     51?  2  f20r Natural  versed  sme  .     .    0.371206 
Near.precd.  dis.  at9*=52.37. 13  Prop.  log.  2467.— Diff.  3 mcreowiiy; 

see  Rule,  p.  383. 

Difference  of  ditto  =      1  ?34'. 53'/Prop.  log.  2781 

Portion  of  time  =  .     •    2M7T26!Prop.  log.  0314 
Ti.  at  near,  precd.  dist.  =9.   0.   0 


Meantime atGreenw.=ll*47"26! ;  because  the  cor.  in  Table  Ais=0. 
Mn.ti.atplaceofobs.=18.    5.17 


Long,  of  do.,  in  time=  6t  17761  fsr94?27'45r  East 
/y.  t/y  A^at^.,.^^  aff^^'4U  f^^ft^j^^^/i^  ^  /r*^.-^> /^  ^^•^ 


I 
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iVb/^.— As  Venus  was  east  of  the  moon^  and  a  morning  stetr,  January 
2l8t^  1835,  her  enlightened  hemisphere  lay  to  the  eastward :  conse- 
quently, fiince  the  moon  was  brought  over  the  dark  pari  of  the  planet 
to  the  remote  or  eastern  point  of  her  enlightened  limb,  the  semi- 
diameter  of  Venus  becomes  subtr active  from  the  observed  distance  :— 
the  omission  of  this  would,  in  the  present  instance,  produce  an  error 
of  about  10  miles  in  the  longitude  of  the  place  of  observation.  But, 
when  Venu8*s  semidiameter  is  31'!'  or  32'',  its  being  neglected  would 
affect  the  longitude  to  the  value  of  a  quarter  of  a  degree. 

The  reader  will  please  to  observe  that,  in  the  above  Example,  the 
triangle  which  is  formed  by  the  moon  and  Venus  with  respect  to  the 
zenith  is  an  imperfect  one :  for,  since  the  moon's  apparent  zenith  dis- 
tance is  6?8'irr,  and  that  of  Venus  35?32<13^)  and  since  the  sum 
of  these  is  only  40? 40^24 r,  which  is  10?35^40r  less  than  the  apparent 
central  distance,  or  third  side )  the  triangle,  therefore,  becomes  im~ 
possible,  according' to  th%  principles  of  spherical  trigonometry  :— But, 
its  being  of  this  description  does  not  at  all  affect  the  residting  longi- 
tude ;  so  long  as  the  operation  is  performed  as  above,  or  by  Method 
Il-i  page  483. — See  Remark  9,  page  500. 


Remarks  to  be  observed  in  Measuring  a  Distance  between  the 

Moon  and  Venus. 

Venus,  as  seen  through  a  telescope,  exhibits  all  the  various  phases  of 
the  moon,  from  the  fine  thin  crescent  to  the  enlightened  hemisphere ; 
except  that  she  is  never  seen  completely  full ;  for,  even  at  the  time  of 
her  gfeatest  elongation,  her  disc  only  assumes  a  certain  degree  of  gib- 
bosity, similar  to  that  of  the  moon  about  the  12th  or  the  17th  day  of  her 
age. — ^Now,  since  it  is  the  limb  which  is  next  to  the  sun  that  is  always 
enlightened,  and  that  the  other  limb,  or  the  one  which  i&  farthest  from 
the  sun,  is  dark  or  opaque,  like  the  unenlightened  hemisphere  of  the 
moon ;  therefore,  when  Venus  is  to  the  eastward  of  the  sun,— that  is, 
when  her  right  ascension  is  greater  than  the  sun's,— it  is  her  western 
limb  that  will  be  enlightened :  the  converse  of  this  takes  place  when 
she  is  to  the  westward  of  the  sun;  because,  in  this  case,  as  her  right 
ascension  will  be  less  than  that  of  the  sun,  it  is  her  eastern  limb  that 
will  be  illuminated. — Hence,  when  the  moon  is  betwixt  the  sun  and 
Venus  in  the  interval  which  takes  place  between  the  time  of  conjunc- 
tion and  the  fifth  day  of  the  moon's  age ;  as  Venus  will  then  be  to  the 
eastward  of  the  moon,  and  as  the  enlightened  limbs  of  both  objects 
will  be  turned  to  the  westward,  and  that  the  bright  limb  of  the  moon 
is  always  to  be  brought  m  contact  with  that  of  Venus :  therefore^  as 


518  NAUTICAL   A8TRONOMY. 

the  moon's  bright  Ihiib,  which  is  now  the  mo»t  remote^  muftt  be  made 
to  touch  the  nearest  limb  of  Venus ;  it  its  evident  that  the  moou'ii  senii- 
diameter  becomes  tubtractxve  froni,  and  that  of  Venus  addiiive  to^  the 
observed  angular  distance.^— And,  iii  like  manner,  when  the  moon  is 
betwixt  Venus  and  the  sun,  in  the  interval  which  is  between  the  tumUf- 
fourth  day  of  the  moon's  age  and  the  period  of  her  conjunction,  •« 
Venus  will  then  be  to  the  westward  of  the  moon,  ami  as  it  is  /Ae 
eastern  limbs  of  both  objects  that  will  then  be  illuminated }  therefore, 
since  the  remote  limb  of  the  moon  nmst  be  brought  in  contact  with  the 
nearest  limb  of  Venus,  the  moon's  semidiamcter  becomes  subtracHve 
from,  and  that  of  Venus  additive  to,  the  observed  distance ;  the  9ame  a$ 
in  the  preceding  instance. — But,  when  Venus  is  to  the  westward  of  the 
moon,  at  aify  period  between  the  new  moon  afid  the  opposition,  it  ia  the 
western  limbs  of  both  objects  that  will  be  enlightened,-— Hence,  as 
the  nearest  limb  of  the  moon  is  to  be  brought  in  contact  with  the  remote 
limb  of  Venus }  it  is  manifest  that  the  moon's  semidiameter  is  addiiw$ 
to,  and  that  of  Venus  subtractive  from,  the  observed  angular  distance. 
And  when  Venus  is  to  the  eastward  of  the  moon  at  any  period  between 
the  opposition  and  the  conjunction,  or  new  moon  ;  as  it  it  the  eastern 
limbs  of  both  objects  that  will  then  be  illuminated,  and  that  the  nearest 
limb  of  the  moon  is  to  be  brought  in  contact  with  the  remote  limb  of 
Venus ;  therefore,  the  moon's  semidiameter  becomes  additive  to,  and 
that  of  Venus  subtractive  from,  the  observed  angular  distance,  the  same 
as  in  the  last  case  ;  in  order  to  obtain  the  apparent  central  distance. 

The  young  navigator  is  particularly  cautioned  against  adopting  the 
mistaken  practice  of  making  ^Hhe  moon's  limb  pass  through  the 
middle  of  the  visible  disc  of  a  planet ;" — for,  since  Venus  is  actually 
the  brightest  when  her  enlightened  limb  is  only  in  the  form  of  a  Jhu 
crescenty  like  that  of  the  moon  about  three  days  old  5*-^therefore,  if  the 
distance  were  measured  between  the  moon's  bright  limb  and  the  ndddk 
of  the  visible  disc  of  that  planety  it  might  produce  an  error  of  8  or  10 
miles  in  the  longitude  : — this,  of  course,  would  not  be  of  much  moment 
on  the  high  seas  ;  but  still  it  is  an  error,  and  as  such  it  ought  to  be 
avoided. 

In  measuring  a  distance  between  the  moon  and  Mars  or  Saturn  ;— « 
as  the  semidiameters  of  these  two  planets  are  not  of  much  value,  they 
need  not  be  noticed ; — hence  it  will  be  quite  sufficient  to  make  the 
moon's  bright  limb  pass  througli  the  apparent  centre  of  either  of  their 
discs.  But,  in  observing-  the  angular  distance  between  the  moon  and 
Jupiter :  since  the  semidiameter  of  this  planet  is  considerable ;  and 
since,  when  visible,  it  always  appears  to  be  full  and  perfectly  round, 
with  its  eastern  and  western  limbs  truly  defined  :  therefore,  in  general, 
it  will  be  advisable  to  bring  the  bright  limb  of  the  moon  in  contact 
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with  the  nearest  limb  of  Jupiter :  then,  his  semidiameter  will  be  al- 
ways additive  to  the  observed  distance  ;  whilst  that  of  the  moon  is  to 
be  applied  by  addition  or  subtraction,  according  as  her  nearest  or  remote 
limb  may  have  been  observed.— Here  it  may  be  necessary  to  observe 
that,  as  the  planets  are  always  in  motion,  sometimes  with,  and  at  others 
against,  the  course  of  the  moon  j  and  as  their  motions  are  subject  to 
so  many  inequalities,  as  frequently  to  affect  the  accuracy  of  the  lunar 
distance  to  the  value  of  a  few  seconds  ;  therefore,  in  all  cases,  the  an- 
gular distance  between  the  moon  and  a  fixed  star  should  be  preferred,  to 
that  betwixt  the  moon  and  a  planet :  for,  the  fixed  stars  are  as  immov- 
able points  in  the  heavens,  the  places  of  which  are  correctly  known  ; 
and  from  which  the  moon's  distance  may  be  determined  to  the  most 
rigid  degree  of  astronomical  exactness. — See  Article  /H^  pftgc  334. 


Problem  X. 

Given  the  Mean  Time  at  Ship  or  Place,  tJie  obsei^ved  Distance  between  the 
Moon  and  Sun,  a  fieced  Star,  or  a  Planet ^  the  true  I^fttifud^t  and  the 
Longitude  by  Account ;  to  find  the  correct  liongitudef-^OTi  to  deduce 
the  Lon^tude  from  a  Lunar  Distance^  when  the  Altitudes  are  deter- 
mined by  Calculation, 

Rule. 

Compute  the  true  and  the  apparent  altitude  of  each  object's  centre, 
by  Problem  I.,  II.,  III.,  or .IV.,  between  pages  445  and  449;  according 
as  the  moon  may  be  compared  with  the  sun,  »  fixed  star,  or  a  planet, 

Reduce  the  observed  to  the  apparent  central  distance,  agreeably  to 
the  directions  contained  in  the  third  paragraph  of  the  Rule  to  Problem 
IX*f  pMgo  501  ;  with  which  and  (he  computed  altitudes  of  the  objectSi 
l^t  tb9  true  Cisntr^l  distance  be  determined  by  any  of  the  Methods 
giv^H  in  Prpblem  VII.,  between  pages  481  and  495,  NoW|  froni  the 
true  central  distance  thus  found,  and  the  given  mean  time  at  place  of 
observation,  the  longitude  is  to  be  determined  by  Problem  XXX,| 
page  383. 

Example  1. 

August  20th,  }836,  in  latitude  40?25^  north,  and  longitude  by  ac- 
count 56?36'  west,  at  3*43T36f  correct  mean  time,  the  mean  of 
several  observed  distances  between  the  sun  and  moon  was  101?34'  16'' ; 
the  index  error  of  the  sextant  was  0'^''  subtr active  ;  required  the  tnus 
longitude  of  th^  place  of  observation  ? 
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Mean  time  of  ob8erv.=  3*43736' 
liongitude  56?36C  west, 

in  time  =     .     .     •  +3.46.24 


Greenwich  time  =      •    7*30?  0! 

To  find  the  Moon's  altitudes. 
Mean  time  of  ob8erv.=  3*43T36! 
ilfeansun's  right  ascn.  =  9. 56. 38 


Right  ascen.of  merid.=  13*40?14  > 
Moon's  right  ascen.  =  16. 28. 53 


itreaiisan'sredJLA.s  9*56T38f 
Suti*8  red.  declin.  s  12?16^25rN. 
Red.  equation  of  time  3?2 !  subtrac. 
]>  's  aug.  semidiam.  =  16^  12T 
D  's  horiz.  parallax  =  59112! 
]>  'sired. right ascD.s  16^28*53! 
Ditto,  declination=  23?58:28rS. 


Moon's  hor.  dis.fr.  mer.  2*48r39! 
Moon's  decimation  =   23?58^28rSouth. 
Lat.  of  the  ship^or  place  40.25.   0  North. 


L<^.  rising 
Log.  co-sine 
Log.  CO- sine 


5.412890 

9.960817 
9.881584 


3)  's  merid.  zen.  di8t.=  64?23:28rNat.ver.sme  567774 
Natural  number  = 180008  Log.  5.255291 


3)  's  true  central  alt.=  14?36:32'rN.  co-v.  sine  747782 
Red.of  do.,Table  XIX. = -53. 41 

^ Logarithmic  difference  =  9. 998400 

Moon's  appar.  alt.  =     13^? 42^51'/ 

To  find  the  Sun's  True  and  Apparent  Altitude. 

Mean  time  of  observation  =    3*43t36? 
Equation  of  time  s=    .     .     .     —  3.   2 


Sun's  meridian  distance  t=  3*40'!*34?  .  . 
Sun's  declination  =  .  .  .  12?]6^25rNorth- 
Latitudeoftheship9orplace=40.25.   0  North- 


Log.  rising  5.631900 
-Log.  co-sine  9.9699S8 
-Log.  co-sine  9. 881584 


Sun's  merid.  zenith  dist.  =    28?  8:35rN,  V.  S.  118228 

Natural  number  = 318744Log.  5. 503442 


Sun's  true  central  altitude  =34?15'56^'N.co-v.S.436972 
Red.  of  ditto.  Table  XIX.=  -f      1. 16 


Sun's  apparent  altitude  =      34?  17 '  12'' 
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To  find  the  True  Central  Distance  and  the  Longitude. 

Observed  distance  ==     101  ?34 :  16r 

Index  error  =   .     .     .     —     0, 20 

Sun's  semidiameter  =     +   15.50    f  See  Method  VIII.,  page  491 

Moon's  semidiameter=   -f   16. 12 


Apparent  cent.  dist.==  102?  5^58'/half=r51?  2:59'/ 
Half  sum  of  apparent  altitudes^:     .     .     24.   0.    1^ 

L.  diff.  9.998400 

Sum  of  ditto  and  half  the  distance  =;        75?  3.  0i^L.co«8i.9. 411575 
DiflFerence  = 27.   2. 58i  L.co.si.9. 949689 

Sum,  abating  10  in  the  index  =r 19.359664 


Arch= 61?24:58r  L.co-si.  9. 679832 

Half  sum  of  the  true  altitudes  =:   .     •    24. 26. 14 

Sum  of  ditto  =       . 85?51 :  12rL.  sine  9. 998861 

Difference  =      ........    36.58.44  L.  sine  9.779250 

Sum  =  19.778111 


Half  the  true  distance  =      .    50?45:55r       .    .    L.  sine  9.889055^ 

True  central  distance  =  .     .  101?31<50'r 

Nearest  preced.  dist.  at  6*  =  100. 42. 33  P.L.  2615.  Diff.  1 1  dec;  see 

^  Rule,  p.  383. 

Difference  of  ditto  =  .    .     .      0?49: 17''P.L.  5626 

• 

Portion  of  time  =  .     .    .     .       It29r59;  P.L.  3011 
Time  at  nearest  preced.  dist.  =:  6.  0.  0 

Approxi.  time  at  Greenwich  =  7*29'!'59' 

Correction,  Table  A  =       .     .         +     4:SeeArts.80&81,p^5&337. 


p  ■■ 


Cor>  mean  time  at  Greenwich  =  7*30?  3' 
Mean  time  at  place  of  observ.  =  3.  43. 36 


— ■■ 


Longitude  of  ditto,  in  time  »    3i46r27's56?36;45r  Wesc^ 
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Example  2. 

Jsmiiary  lOtli,  IH.%,  in  latitude  36^15^  south,  and  longitude  by 
account  AJ^IW  east,  at  13*40rO?  correct  mean  time,  the  mean  of 
several  observed  distancea  between  the  moon '8  remote  limb  aadtk 
nearest  limb  of  Jupiter  was91°14M0^  ;  at  the  same  time  the  meaniif 
an  equal  number  of  altitudes  of  the  moon's  lo\rer  limb  was  24^57 -38'; 
but,  for  \}'ant  of  the  necessary  assistants,  the  altitude  of  the  planet 
could  not  he  taken  : — the  index  error  of  the  sextant  used  in  measuring 
the  distance  was  1'  10''  additive  ;  and  the  height  of  the  eye  above  tlie 
level  of  the  sea  18  feet  5  required  the  true  longitude  of  the  place  of 
observation  ? 


Mean  timeof  obscrv.  =  13*40T  Of 
Lfongitude  47^30'  east, 

in  time  =    .     .     .  —  3. 10.    0 


Greenwich  time  =  .     lOtSO:  0? 

To  find  Jupiter's  Altitudes. 

Mean  time  of  observ.=cl3t40T  Of 
Af».Bu  n 's  right  asceii. =10. 17-56 


Right  ascen .  of  nierid.  =^  8 *  57" '>()  f 
Jupiter''s  right  ascen.  =  6. 42. 14 


Mn.  sun's  red.R.A.slQ  t  I7r30.' 
]>  's  aug.  semidiam.s:  15 '  52" 
])  's  red,  hor.  paral.  7       57f  50 

])'«Fed,HgbtMcn»F>13t44?  8: 

Ditto,  declination  =  O?37^50f  S. 
Jupiter's  right  asc.      6t42Tl4f 
'  Ditto,  declination  =  23?li:i4:N, 
Jupiter's  hor.  paral.=  2T 

Ditto,  semidiameter=s  24' 


Jupiter's  nierid.  dist. 
Jupiter's  declination 
Latitude  of  the  place; 


:  2M5?42f 
:23?ll'.l4r 
36.15.   0 


North 
South 


Log.  rising  5.2S10IO 
Log.  co-sine  9.963421 
Log.co.sine  0,006573 


I 


Jupiter'8nier.'/en.dis.=»59?26'  14*  Nat.  ver.  sine  491618 

Natural  number  = 126J93Log.  5.  iOlOM 


Jupiter's  true  altitude=22?28^32^  Nat.co-v.si.  617711 


Reduction  of  ditto  =     +     2. 15 


Jupiter's  appar.  alt.  =  22:30M7" 

Observed  distance  =    91  ?14:46r 

Index  error  ==      .     .      +      1.  10    * 
Jupiter's  seniidiam.  =  +     0.24 

Moon's  scmidiani.  =     —    15.52 


The  observed  altitude  of  the  >  's 

lower  limb  reduced  to  the  apparent 
altitudQ  is  ,  «  .  .  25?59'26T 
Correction  of  ditto  =     +  50,   4 


Moon's  true  altitude=  26?49^30r 
Loffarlth,  diflference  =    9. 996979 


Apparent  cent.  diBt,=  01?  0^98^ 
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Apparent  cent.  diit.x«  91?  0:38r;  half=x45?30a4r  :SeeM.IX.,p.493. 
Hnlf  difference  of  the  apparent  altitudes=   1 .  44. 19^. 

L.  diff.  19. 996979 

Sum  of  ditto  and  half  apparent  dlstance=47°  14  ^334^ L.  auie  9. 86583.5 
Biiference  == 43.45.  54^  L.BUie  9.839920 


Sum,  the  index  of  the  log.  difference  increased  by  10  =      39,  703734 

'Half  sum  = +19.851307 

'Half  diff.of  the  true  alt8.==2?I0f  39?        ,     ,     Log,  sine        8.i>79177 


J        <  - 


Arch  = 86?56:29"        .     .    Log.  tjuigent  11.372190 


^tmtm^-^i'^^^'^mmm^^ 


Logarithmic  sine  of  arch= .      -«-9.  {)99381 


aalf  the  di8tance=       .     45  ?  19: 551'   .     .     .     Log.  sine        9.851986 

[Vue  central  distance  »  90?a9f&Gr 

«rearestpreced.di8.at9*=89.48.52  P.  L.247I,— Diff.  12  de^creasinj/  ; 

—  ■  '    see  Rule^  p.  383, 

Wfference  of  ditto  =     .    0?50f58rP.L.5480 


^>rtioii  of  time  =     .     .     It30r  i;P.L.30a9 
^meat  nearest  precad.  dia,  9.  0.  0 


^m^-mimm^ 


^pro.tinieat  Greenw.=10*30'!*  1! 

3orrec.  Table  A  =    .     .         +     4  :  See  Arts.  80  and  8 1 ,  p.  335  &  337- 

3or.  mn.  tl.  at  Qreenw.=  10*30?  5! 
Mil.  time  at  place  of  obs.=  13. 40.   0 


wmmmtm^^^m'mamm 


Long, of  ditto,  in  time  =     3*  9r55r=47?28M5r  East. 

Neie.-^U  Jupiter'ft  semldiameter  were  not  applied  to  the  observed 
liAtanee^  it  would  produce  an  error  of  about  1 1  miles  in  the  resulting 

•     •  Example  3. 

September  25th,  1836,  in  latitude  39?13C  north,  and  longitude  hy 
i^ccount  43?56^  west,  at  16*42T20f  correct  mean  time,  the  mean  of  . 
tt«%'eral  observed  distances  between  the  moon's  nearest  limb  and  the 
C9ii/r#of  Mar9  .was  fi3?31<S4? ;  the  index  error  of  the  sextant  was 
1 '  10^  9ubtractwe  ;  required  the  truo  longitude  of  the  place  of  obser- 
vation ? 


■1 

i 
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Mean  time  of  observ.s  16^42r20! 
Longitude  42?561  west, 

in  time  =:     •     .     .  +2.51.44 


Greenwich  time  =    .     19*847  4! 


Mean  time  of  ob8erv.=  16*42?20; 
Mean8un*8  rightascn.s  12. 20. 33 


Rightascn.ofthemerid.  5*  2*53  f 

Computed    altitude    of 

D's  centre  =    •     •    29?13^36r 
Red.  of  do.  Table  XIX,=-48. 50 


Moon's  appar.  alt.  =     28  ?24  C  45  't 


Mn.  sun's  red.  R.A.=12'.20T3I! 
T>  *8  aug.  8emidiam.s  15'47! 
])  's  red.  hor.  par.  =  57'39! 
D's  red.  right  ascn.s  lM5i?53! 
D'sred. declinations:  5?58'17A 
Mars'  right  ascen.  s  7-39TiO! 
Mars'  declination  =  22?20:46!L 
Mars'  hor.  paraUaxs:  6T ' 

Computed  altitude  of 

Mars=    .     .     .     52?49a47 
Reduction  of  ditto  =    +0.39 


Mar'i{  appar.  alt.  =  52?^(53: 


Logarithmic  difference=9. 99^ 


To  find  the  true  Central  Distance^  and  the 

Obs.dist.  ]>  's  n.  limb=93?35:34r 

Index  error=     .     .       —  I.IO 

Moon's  semidiam.  =      + 15. 47— See  Method  X.^  page  493. 


Appar.  central  dist.ss  93?50air;  halfs46?55:  5^: 
Half  sum  of  apparent  altitudes  =  .     •    40. 37*  19 


S 


■  I 
L.diff.l9.9967VJ 


Sum  of  ditto,andhalf  the  apparent  di8t.=87?32^24irL.co-si.8. 632638 
Difference  = 6. 17. 46i  L.co.si.9. 997372 


Sum,  the  index  of  the  log.  difference  being  increased  by  10=38. 626757 


Half  sum  = +19.3133781 

Half  sum  of  the  true  alts.=41?   1 '  34^  r Log.  co-sine  =     .       9.877607 


Arch  = 


•     .     •     •     . 


15M9'36Jr  Log.  sine  =     .     .     9.4357711 


Logarithmic  tangent  of  arch  =    . _9, 452516 


Half  the  distance  = 


46?32:30r  Log.  sine  =     .    .    9.86(»Bi. 


True  central  distance  s=      93?  5^  0? 


.•I 
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Trae  central  distance  =      93?  5  f  Or 

Nearest  prec.  dist.  at  18t  =93. 54. 25  Prop.  log.  2767.— Diff.l5tncrea«. 

SeeRule,p.383. 

Difference  of  ditto  =  .    .    0?49^25rProp.  log.  5614 

♦ 

Bortion  of  time  =  .     .    .    li 33-27!  Prop.  log.  2847 
Time  at  nearest  prec.  dis.= 18.  0.  0 

Approx.  time  at  Oreenw.=  1 9 1 33T27 ' 

Correction,  Table  A  =s  .  .        -     4 :  See  Arts.  80  &  81,  p.  335  &  337. 


Cor.  mn.  time  at  Greenw.=  19*33r23! 

•  _ 

Meantime  at  placeofob8.=16. 42. 20 


Long,  of  ditto,  in  time  =      2*51?  3:=42?45:45r  West. 

iVb/^.— The  two  &»/  Examples  and  that  given  in  page  516  compre- 
hend the  principal  varieties  to  be  found  in  a  Imiar  observation  when 
tplanet  is  in  question  : — but,  as  hinted  at  in  the  last  paragraph  of  page 
^\9,  the  angular  distance  between  the  moon  and  a  fixed  star  should 
fee  always  taken  m  preference  to  the  moon's  distance  from  a  planet  :^- 
Or^  ^whilst  the  planets  are  moving  with  unequal  velocities,  the  fixed 
lam  are  as  motionless  points  in  the  heavens,  from  which  the  moon's 
Ihtnnrr  can  be  correctly,  and  eaeily  determined ;  and  to  which  dis- 
we  can  always  refer  with  an  unbounded  degree  of  confidence. 


Problem  XI. 

/Ae  observed  Altitudes  and  Distance  of  the  Moon' and [Sun^  the 

Time,  per  Watch,  not  rbgulatbd,  and  the  Longitude  by  Account ;  to 

Jtmd  the  Latitude,  the  correct  Mean  Time,  and  the  Longitude  of  the 

Place  of  Observation,  viz.,  to  determine  both  Latitude  and  Longitude 

from  the  same  set  qf  Observations. 

« 

Rule. 

Redace  the  mean  time  of  observation,  per  watch,  to  the  meridian  of 
Gfareenwich,  by  Problem  III.,  page  342  ;  to  which  let  the  moon's  semi- 
ttameter  and  horizontal  parallax  be  reduced  by  Problem  XV.,  page 
i01^  and  let  the  reduced  semtdiameter  be  increased  by  the  augmenta* 


L 


NAUnCAI^    ABTROItOlfT. 

■ 

tion  ill  Table  IV.  Find  the  apparent  and  the  tme  altitiu 
object's  centre  by  the  respective  Problems  for  that  purpose 
between  pages  374  and  378« 

Correct  the  observed  distance  for  index  error,  if  any ;  tc 
the  respective  semidiameters  of  the  objects  be  addedy  am 
will  be  the  apparent  central  distance.  Then,  with  the  ap] 
tildes,  the  apparent  central  distance,  and  the  true  altitude 
the  true  central  distance  by  any  of  the  Methods  given  i 
Vll.y  between  pages  481  and  495 1  and  Und  the  correct  m\ 
Greenwich  corresponding  thereto,  by  Problem  XXX.,  page 

To  the  correct  mean  time  at  Greenwich,  thus  found,  redu 
sun's  right  ascension  and  declinaiion,  and  also  the  equati( 
by  Problem  XIV.,  page  35/  ;  and  the  moon's  right  asc4 
tleclinatlon,  by  Problem  XVL,  page  364  ;  and  find  the  di 
the  right  ascensions. — ^Then, 

With  the  true  central  distance  between  the  two  objects, 
altitudes,  reduced  declinations,  and  diiference  of  right  asc 
the  latitude  be  determined  by  the  General  Rule  in  page  409, 
to  Problem  VIII. — Now,  witli  the  latitude,  the  altitude 
declination  of  the  sun,  compute  the  mean  time  of  obsei 
Problem  1 1.,  page  435;  the  difference  between  which  and 
mean  time  at  Greenwich  will  be  the  longitude  of  the  place  < 
tion  in  time.  Easty  if  the  time  at  ship  be  the  greatest ; 
west. 

Note, — Should  the  sun  be  too  near  the  meriuian,  let  the 
be  deduced  from  the  moon's  triie  altitude,  by  Problem  III,, 

Example 

At  sea,  in  south  latitude,  January  22nd,  1836,  at  3t4C 
time  per  %ratch  not  regulated^  tlic  mean  of  several  obsen-ed 
between  the  moon  and  sun  was  56? 56 '17?;  s^t  the  same 
mean  of  an  equal  number  of. altitudes  of  the  sun's  loM'er 
4()°37-22r,  and  that  of  the  moon's  lower  limb  60?  11  \bAr  ;  \ 
of  the  eve  above  the  level  of  tlfe  sea  was  16  feet ;  the  in: 
were  free  from  errors,  and  the  longitude  by  account  35  V6'  ^ 
([uired  the  latitude,  the  correct  mean  time,  and  the  true  lof 
tlie  place  of  observation  ? 
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sTiineofobs.per.watch=  3*40?  0! 
rXjQiigitiide  35  ?6'  west^ 

in  time  =     .     .     .   +2.20.24 


Greenwich  time  =  .  6?  0?24f 
ji  The  sun's  observed  alt.  red.  to  the 
,  Apparent  altitude  IS  .  40M9:48r 
^.Cuwection  of  ditto=  .     —  0.59 


*  ftlin's  true  altitude  =  .  40^48 :49T 

m 

j^  To  find  the  true  central  distance. 
'  Difference  of  ap.  alts.=  9?33:58r 
^  Aoxiliary  angle  =     .     60. 24. 19 
(Apparent  central  distf =57. 28. 15 


]> '»  aug.  semidiameter ±=:     1 5 '  42  ^ 
])  *B  reduced  horiz«par.^=     56^53'' 

The  moon*8  observ.  alt.  red.  to  the 
Apparent  altitude  is  .  50?33!46r 
Correction  of  ditto  =  .  +  35.29 


Moon's  true  altitude=  60?59: 15r 


Observed  distance  =     56?56^  17r 
Sun's  semidiameter=:     +   16. 16 
Moon's  ditto  =     .     .     +16.42 


Apparent  central  dist.=57^28^  15r 


tm-- 


Sumof  two  first  terras=69?58'  I7''Nat.  ver.  sine  sup.  . 

Difference  of  ditto  =     50. 50. 2l  Nat.  ver.  sine  sup.  . 

Siimoftwolasttei*ms=117. 52. 34  Nat.  ver.  sine    .     .  . 

Difference  of  ditto  =       2.56.   4  Nat.  ver.  sine    .     .  .. 

Dlft  of  true  alts.=  .     10. 10.26  Nat.  vei*.  sine  .    .  . 


1.342490 
1.631499 
1.467561 
0.00J311 
0. 016724 


True  central  dist.=  .     57?13: 12rNat.  ver.  sine    ....    0.458585 
■Near.precd.dist.at6?  ==67. 12^47  Prop.  log.  9037. —ViSAS  increasing; 

'  see  Rule,  p.  383. 

'^Difference  of  ditto=       0?  0:25"P.  log.  2.6366 


mU^ 


^nioii>pftime>=  .     .    Ot  Or50!P. log.   2.3318 
Time  at  near. prec.di8.=6.   0.  0 

Mean  time  at  Greenw.=6!  OTSOf  j  which  is  to  be  considered  as  the 
correct  mean  time^  because  the  portion  of  time  is  so  small  that  the 
equation  in  Table  A  vaiiishes,  or  bec^omes  nearly  inseiisible. 

Now,,  the  right  ascensions  and'  declinations  of  the  objects  being 
reduced  to  the  correct  mean  time  at  Greenwich^  thus  founds  the  results 
vnH  be  as  follows,  viz. : — 

Sun's  R.  A.  =     .      20M6rl9r67,  and  det.  19?46:i9r  south  =  A 
Moon's  ditto  =  .     .   0.   2. 58. 7^,  Rnd  dec.    4.21.57    south  =  R 


Difference  of  R.  A.: 
Declination  of  A  = 
True  central  dist.   - 


3M6r39!l2  Log.  half  elapsed  time  =0.078078 
19.46.19  Log.  secant  =  .  .  .0.026389 
57. 13. 12        Log.  sine  =     ....     .9. 924670 


jilfi^  the  Jim  =fc   .    .   4?88?69*      Log.  half  ^lapsfed  time  ^  0, 029187 
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True  central  dist.  =:  57-13 -12?  Log.  co-secants     .     •     .0.0753V 
True  altitude  of  R.=  50. 59. 15     Log.  secant  =     ....  0. 2010II 


Sum  of  ditto  =       .  108?  12  ^27^  Nat.co.V.S.  0S0069 
True  alt.  of  A  =     .    40.48.49    Nat.co-V.S.  346180 


Difference  =       296111  Log.=5.47145S 


Arch  the  second  =^    .    4M5T27'  Log.  rbing=      •     •     .     •  5.7477K 
Arch  the  first  =i        .    4.36.59 


Arch  the  third  =  .  0!21T32!  Log.  riwng  =  .  .  .  •  .  3.644500 
Declination  of  R  =  4?21  ^57^  Log.  co-sine  =  .  .  .  .  9.99^ 
True  altitude  of  R  =  50. 59. 1 5    Log.  co-sine  =    !     .     •     .  9. 7989® 


Difference  of  ditto=  46?37^  18r  Nat.  V.  S.     313187 


Natural  number  =        2768  Log.sS.  442227 


Truelat.of  theplace=43?  9:38r  NaUco-V.S.  315^5  >  which  is  Soutb. 


To  find  the  Mean  Time  and  the  Longitude. 

Sun's  true  central  altitude  =  40?48:49r 

Sun's  south  polar  distance  =»  70. 13. 41     Log.  co-secant  =  0. 026389 

Latitude  of  the  ship  =      .    •  43.  9. 38    Log.  secant  =         0. 137010 


Sumss 


•     • 


Half  sum  = 
Remainder  = 

Apparent  time  =    .     • 
Equation  of  time  =     • 


154  ?  12  C  8r  Constant  log  =       6. 3010M 

.  T?""'  61  4r  Log.  co-sine  =      9.348755 
.  36. 17. 15    Log.  sine  =  9. 772202 


.    3t28?10!  Log.  risings         5.585386 
.     +11.50 


Mean  time  at  ship  =        .     .    3t40?  0! 
Cor.  mean  time  at  Greenw.ss    6.  0. 50 


Long,  of  the  ship,  m  time  =     2^20r50!  =  35?12^30r  West. 

Hence  the  latitude  of  the  place  of  observation  is  43?9^38T  south; 
the  correct  mean  time3t40T0f^  and  the  true  longitude  35  ?J2:30T  west; 
as  required. 
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Note.— From  the  above  Example  the  Method  of  deducing  the  lati- 
tude,  the  mean  time,  and  the  longitude,  from  the  same  set  of  observa- 
tions, when  a  fixed  star,  or  a  planet,  is  one  of  the  objects,  will  appear 
obvious. 

In  taking  leave  of  the  lunar  observations^  I  am  desirous  of  intimating 
to  the  young  navigator  that,  whenever  it  Can  be  conveniently  done,  the 
longitude  should  be  inferred  from  two  distances  on  opposite' sides  of  the 
priiicipal  object,  viz.,  from  an  observed  angular  distance  between  the 
moon's  enlightened  limb  and  a  star  east  of  her ;  and,  also,  from  one  to 
the  westward  of  her :  for,  in  this  instance,  as  the  imperceptible  errors . 
of  the  sextant  (and  the  very  best  is  not  perfect)^  and  the  unavoidable 
errors  in  its  use,  would  have  a  mutual  tendency  to  correct  each  other ; 
half  the  sum  of  tlje  two  longitudes  would  be  more  entitled  to  confi- 
dence than  either  longitude  considered  singly. 


Problem  XJI. 

To  find  the  Longitude  of  a  Place  by  the  Eclipses  of  Jupiter's 

Satellites, 

The  eclipses  of  Jupiter's  satellites  are  distinguished  by  the  appella- 
tions of  immersions,  or  emersions.  An  immersion  of  a  satellite  signifies 
the  instant  of  its  entrance  into  the  shadow  of  Jupiter ;  and  an  emersion, 
that  of  its  re-appearance  out  of  the  shadow.  The  instant  of  an  immer- 
sion is  known  by  the  last  appearance  of  the  satellite  ;  and  that  of  an 
emersion,  by  \t&  first  appearance  out  of  the  shadow  of  the  planet. 

First, 
To  know  if  an  Eclipse  will  be  visible  at  a  given  Place. 

Rule. 

Reduce  the  mean  time  of  the  eclipse  at  Greenwich  (as  given  in  page 
XX.  of  the  month  in  the  Nautical  Almanac)  to  the  meridian  of  the 
place  of  observation,  by  Problem  IV.,  page  343.  Then,  if  at  this 
reduced  time  Jupiter  be  not  less  than  8  degrees  above  the  horizon  of 
the  given  place,  and  the  sun  about  as  many  degrees  below  it,  or  stars  of 
the  third' magnitude,  to  be  visible  to  the  naked  eye,  the  eclipse  will  be 
visible  at  such  place  :  this,  it  is  presumed,  does  not  require  to  be  illus- 
trated by  an  example. 

M    U 
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Sbcoxd, 


To  find  the  Longitude  of  ike  Piaee  of  ObMervatiau. 

To  the  obscn-ed  time  of  the  eclipse  per  watcb^  at  the  giren  place, 
apply  the  error  of  the  machine  for  mean  time,  deduced  from  obsem- 
tions  of  the  sun's  altitude,  or  from  those  of  the  moon,  a  planet,  on 
fixed  star :  hence  the  correct  mean  time  at  the  place  of  observation  will 
be  knoii^'n. — Now,  the  diffeoence  between  this  and  the  mean  time  of 
immersion  or  emersion  at  Greenwich,  will  be  the  longitude  of  the  place 
of  observation,  in  time : — east,  if  the  time  at  the  given  place  be  the 
greatest;  othennise,  west. 

Example. 

Jannar)'  7th,  1836,  at  Trincomalee,  in  latitude  8  ^33'  north,  and 
longitude,  by  account,  SIV22'  east,  an  emersion  of  the  first  satellite  of 
Jupiter  was  observed  to  take  place  at  13M8T54-  per  watch,  the  error 
of  which  was  ITIO'  slow  for  mean  time^  required  the  true  longitude 
of  the  place  of  observation  ? 

Time  of  emersion  per  watch  =    .     .     .     .  13*18754! 
Error  of  the  watch,  slow  = +  1. 16 


Mean  time  at  place  of  observation  =     •     •  13t20TlO? 
Mean  time  of  emersion  at  Greenwich  =        7*  ^^*  ^ 


Longitude  of  the  given  place,  in  time  =         5t25f28'  =  81?22C  East. 

Remarks, — 1.  If  Jupiter  be  far  enough  from  the  meridian  at  the 
time  of  observing  an  immersion  or  an  emersion  of  one  of  his  satellites, 
and  his  altitude  to  be  taken  at  the  exact  moment  of  the  satellite's  dis- 
appearance  or  re- appearance ;  the  correct  mean  time  of  observation  may 
be  inferred  therefrom  by  Problem  IV.,  page  439  ;  and  thus  any  irre- 
gularity in  the  going  of  the  watch,  betwixt  the'time  of  finding  its  error 
and  the  moment  of  obser^^ation,  will  be  provided  against  or  obviated. 

2.  The  eclipses  of  Jupiter*s  satellites  afford  the  readiest  means  of 
determining  the  longitudes  of  places  on  shore ;  but,  since  those  eclipses 
cannot  be  distinctly  seen,  except  through  telescopes  of  a  high  magnify- 
ing power, — and  since  glasses  of  this  description  cannot  be  used  at  sea, 
on  account  of  the  incessant  motion  of  the  vessel,  which  continually 
throws  the  planet  out  of  the  field  of  view;  the  above  method  of  find- 
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ing  the  longitude  is,  therefore,  of  little  lise,  if  any,  to  the  practical 
navigator: — moreover,  it  is  not  always  available;  because  Jupiter 
passes  so  apparently  close  to  the  sun  at  certain  intervals,  that,  for  about 
six  weeks  in  every  year,  that  planet  and  its  satellites  are  entirely  lost 
in  the  refulgent  splendour  of  the  solar  Tays. 


Problem  XIII. 
To  find  the  Lonffitude  of  a  Place  by  an  Eclipse  of  the  Moon. 

Rule. 

Observe  the  moments,  per  watch  {duly  regulated  to  mean  tifne)^  of 
the  beginning  and  the  end  of  the  eclipse :  then,  half  the  sum  of  the 
observed  times  will  be  the  mean  time  of  the  middle  of  the  eclipse  ;  the 
difference  between  which  and  that  given  in  the  Nautical  Almanac,  will 
be  the  longitude  of  the  place  of  observation,  in  time :  easty  if  the  time 
at  such  place  be  the  greatest ;  otherwise,  west. 

Note. — If  only  the  beginning  or  the  end  of  the  eclipse  be  observed, 
the  mean  time  of  observation  must  be  compared  with  the  time  answer- . 
ing  to  the  corresponding  phase  in  the  Nautical  Almanac ;  but,  it  must 
be  remembered,  that  it  will  always  be  conducive  to  greater  accuracy  to 
observe  the  instants  of  both  phases. 

Example. 

April  30th,  1836,  in  latitude  38?24r  north,  and  longitude,  by  ac- 
count, 99?  12^  west,  the  beginning  of  a  lunar  eclipse  was  observed  at 
12?28"33!,  and  the  end  thereof  at  14t33T21  f ;  the  error  of  the  watch 
was  IT  13-  fast  for  mean  .time  ;  required  the  true  longitude  of  the  place 
of  observation  ? 

Obs.  beginning  of  the  eclipse,  per  watch  =  12*28^33  ? 
Observed  end  of  ditto  = 14.33.21 


Sum  of  the  observed  times  =      ....  27*   1T54! 


Middle  of  the  eclipse,  per  watch  =      .     .  13t30T57' 
Error  of  the  watch, /hw/  =         ....       —  1. 13 

Mean  time  of  the  middle  of  the  eclipse  =  13?29T44f 
Mean  time  of  ditto  at  Greenwich  =         .  20.   6.24 


Longitude  o7  the  given  place  in  time  =        6!36r40!  =99?  10^  West. 

M  M  2 
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Xoir. — As  the  beginiiins:  and  the  end  of  a  lunar  eclipse  takes  pbce 
at  the  >aii;e  iii»t;int  on  all  parts  of  the  earth,  where  the  moon  is  abofe 
the  horizon  ;  the  ahovc  Method  would  afford  an  easy  means  of  finding 
the  longitude,  pronded  the  eclipses  were  rer}*  frequent,  and  that  the 
tiaies  of  the  phases  could  be  observed  to  the  necesssary  degree  of  ex- 
actness :  but,  since  there  are  seldom  more  than  two  lunar  eclipses  visi- 
ble in  the  course  of  the  year,  and  since  the  precise  instants  of  thefnk 
cordact  with  the  earth *s  rtal  dmk  shadow,  and  of  the  last  contact  vitli 
the  same,  cannot  be  easily  determined,  on  account  of  the  uncertainty  of 
the  earth's  penumbra  ;  the  Method-in  question  is,  therefore,  of  no  prac- 
tical utility. 


Problem  XIV. 

Given  the  observed  Mean  Time  of  Transit  of  the  Moon*s  enlightened 
Limb  ;  to  find  the  Longitude  of  the  Place  of  Observation. 

Although  the  proposed  method  of  finding  the  longitude  cannot  be  of 
much  use  to  the  practical  navigator,  because  of  the  extreme  diflUculty 
of  determining  the  correct  mean  time  of  the  moon's  bright  limb  pass- 
ing over  the  meridian  of  a  ship  that  is  under  way^  even  though  equal 
altitudes  were  employed  ;  yet,  to  such  maritime  sur\*eyors  as  are  fur- 
nished v/ith  transit  instruments,  it  will  be  found  of  ver\'  considerable 
utility  ill  settling  the  longitudes  of  places  on  shore :  for  which  purpose 
its  conciseness  and  correctness  are  strong  recommendations  in  favour 
of  its  adoption. — The  celebrated  Dr.  Maskelyne  speaks  of  this  M^od 
in  his  Instructions  relative  to  the  Transit  of  Venus  over  the  sun's  disc 
in  the  year  \7<^9}  and  it  is  also  spoken  of  by  many  other  eminent 
astronomers  and  mathematicians. — Mr.  Pigott  very  strongly  recoui- 
niends  it,  in  the  Philosophical  Transactions  for  the  years  1/86  and 
1/90 : — ''  Being  convinced,"  as  he  says,  *'  that  in  a  short  time  it  miftt 
be  universally  adopted,  having  every  advantage  over  Jupiter's  first  satel- 
lite, and  but  little  inferior  in  precision  to  occultations." 

All  that  is  necessary  for  determining  the  longitude  by  the  Method 
in  question  is,  to  note  the  exact  mean  time  of  the  moon's  enlightened 
limb  passing  over  the  meridian  of  the  observer :  this  is  done  by  noting 
the  instant,  per  watch,  well  regulated  to  mean  time,  that  the  bright 
limb  of  the  moon  apputses  each  of  the  mires  in  the  transit  instrument : 
— the  sum  of  the  appulses  divided  by  their  number  will  be  the  mean 
tinu»  of  transit  of  the  moon's  bright  limb  over  the  meridian  of  the 
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place  of  obsen^ation.      Now,  the  mean  time  of  transit   being  tlnis 
known,  the  longitude  is  to  be  found  by  the  following 

Rule. 

Reduce  the  correct  mean  time  of  observation  to  the  meridian  of 
Greenwich,  by  Problem  III.,  page  342 ;  to  which  let  the  mean  sun's 
right  ascension  be  reduced  by  Problem  V.,  page  344 ;  and,  also,  the 
moon's  semidiamctcr  and  declination,  the  former  by  Problem  XV., 
page  361,  and  the  latter  by  Problem  XVI.,  page  364. — Convert  the 
moon's  semidiameter  into  seconds. 

To  the  mean  time  of  observation,  add  the  mean  sun's  reduced  right 
ascension,  and  the  sum,  diminished  by  24  hours  if  necessary,  will  be 
the  right  ascension  of  the  meridian  of  the  given  place. 

Now,  on  the  principles  of  similar  triangles,  as  explained  between 
the  kist  line  of  page  236,  and  the  fifth  line  of  page  237  ;  and,  also,  in 
the  final  analogy  commencing  at  line  5,  page  238  : — if  A  B  be  es- 
teemed as  the  moon's  polar  distance  at  the  time  of  observation,  and 
B  C  her  reduced  semidiameter,  and  if  A  D  be  taken  as  the  moon's 
polar  distance  extended  to  the  equator ;  then,  it  will  be. 

As  the  moon's  polar  distance  at  time  of  observation  is  to  her  re- 
duced semidiameter,  so  is  the  mpon's  polar  distance  of  90  degrees*  to 
her  semidiameter  (D  E)  in  equatorial  seconds  of  motion ;  which,  being 
converted  into  iimCy  will  be  the  moon's  semidiameter  in  riffht  ascension. 
This  proportion  may  be  reduced  to  a  concise  logarithmical  expression, 
as  thus,— 

To  the  log.  secant,  less  radius,  of  the  moon's  declination,  add  the 
logarithm  of  her  semidiameter,  and  the  constant  logarithm  8. 823909  ;t 
the  sum,  abating  10  in  the  index,  will  be  the  logarithm  of  the  moon's 
semidiameter  in  ri^ht  /isccnsion ;  the  natural  number  of  which  must 
be  taken  out  to  two  places  of  decimals,  viz.,  to  hundredths  of  a  second. 

To  the  right  ascension  of  the  meridian  apply  the  moon's  semidia* 
meter  in  right  ascension,  by  addition  when  the  enlightened  limb  is  to 
the  westyrard,  but  by  subtraction  when  it  is  to  the  eastward ;  the  sum, 
or  difference,  will  be  the  correct  right  ascension  of  the  moon's  centre 
at  the  moment  of  observation. 

Enter  the  Nautical  Almanac,  under  the  given  day,  and  find  the  dif- 
ference between  the  computed  right  ascension  and  the  tabular  right 
ascension  which  is  next  less  to  it ;  find  also  the  difference  between  the 
two  tabular  right  ascensions  which  are  next  less  and  next  greater  than 
the  computed  one  :  then, 


*  Jkt  tne  eqnator  the  polar  distance  of  a  celestial  object  is  always  equal  to  90  degrees, 
t  The  log.  ar.  coinp.  of  15,  the  coiumun  divisor  for  turning  motion  into  time. 
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From  the  sum  of  the  first  difTerence  and  the  constant  log.  3. 556303,* 
subtract  die  logarithm  of  the  last  difference^  and  the  remainder  will 
be  the  logarithm  of  a  portion  of  time  in  seconds  :  raise  this  to  minutes, 
if  necessary,  to  which  prefix  the  hour  corresponding  to  the  next  Im 
right  ascension^  and  the  result  will  be  the  correct  mean  time  at  Green- 
wich : — The  difference  between  which  and  the  observed  mean  time  of 
transit  will  be  the  longitude  of  the  place  of  observation,  in  time: 
east  J  if  the  time  at  such  place  be  the  greatest ;  otherwise,  west. 


Example. 

January  26th,  1836,  in  latitude  33?50^  north,  and  longitude,  bj 
account,  35'?30^  east,  the  enlightened  western  limb  of  the  moon  was 
observed  to  transit  over  the  meridian  at  6t39?54?  correct  mean  time; 
required  the  true  longitude  of  the  place  of  observation  ? 


Mean  time  of  observ.=  6?39t54! 
Longitude  35?  30'  east. 


in  time  = 


.  -2.22.   0 


Greenwich  time  =      ,     4M7"64* 


I  3fii.  sun's  red.  R.A.=20?  19r59f39 

I  ]>'sred.semidi.=rl4r48r7=8887 
;  D  's  red.  decUn.  =      16?  16'.29f N. 


Mean  time  of  observation  =     .     .     .    6!39*54?  0 
Mean  sun's  reduced  right  ascension^  20. 19.59.35 


m 

Right  ascension  of  the  meridians     .     2.59?53!35 

Moon's  reduced  declinations  .    -•     16?16^29f  Log.  secant  0.0177^ 

Moon's  reduced  semidiameter=  .  888^7Logarithms2. 948/55 

Constant  logarithms      . 8.823909 


D 's  semidiam.  in  right  ascen.=  +   1?  If 72     Logarithm=     1.790424 
Right  ascen.  of  the  meridian  z=  2. 59. 53. 35 


Right  ascen.  of  moon's  centre=3*  0'"55f077  ^ 

Next  less  right  asc.  at  4  hours=53.   0. 20. 69  f  ^^*'^-=^"**  •^='  ^'^ 

Next  greater  ditto  at  5  hours=3.   2. 16. 3o}Difr.=  l.  55. 61  =  1 15.61 


The  logarithm  of  one  hour  in  tectrnda,  viz.,  oi  3600  seconds. 
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First  difference,  ill  8econds=     .          34^38    Logarithm=    1.536306 
Coustant  logarithm  = 3.556303 


Sum  = 5. 092609 

Last  difference,  in  seconds  s       .       115161     Logarithms     2.062955 


Portion  of  tirae=     .     .     1/751 !  =  10/1  \         Logarithms     3. 029654 


Cor.  mean  time  at  Greenwich =4*  17*^51 ' 
Mean  time  at  place  of  observ.=^  6.  39. 54 


Longitude  of  ditto,  id  time  =     2! 22?  3!=35?30:45r  East. 

Remarks. -^l.  When  the  transit  of  the  moon's  western  limb  is  ob- 
served, her  centre  will  then  be  to  the  eastward  of  the  meridian  ;  and 
as  the  right  ascension  is  reckoned  from  west  to  east,  it  is  therefore 
'manifest  that  the  value  of  the  moon's  semidiameter  becomes  additive^ 
as  in  the  above  Example. — ^The  converse  of  this  takes  place  when  the 
transit  of  the  moon's  eastern  limb  is  observed ;  because,  in  this  case, 
since  her^centre  will  be  to  the  westward  of  the  meridian,  the  value  of 
her  semidiameter  becomes  subtraciive  from  the  rigbt'ascension  of  the 
meridian. 

2.  The  above  is  a  very  concise  and  practicable  method  of  settling 
the  longitude  of  places  on  shore ;  but,  it  is  to  be  observed,  that  the 
transit  instrument  must  be  so  carefully  adjusted  as  to  move  exactly  in 
the  plane  of  the  meridian  ;  for  any  trifling  deviation  therefrom,  either 
to  the  eastward  or  westward,  would  sensibly  affect  the  result  of  the 
observation.  And,  since  the  moon's  right  ascension  is  to  be  deduced, 
in  a  great  measure,  from  the  right  ascension  of  the  meridian,  the  time 
of  transit,  therefore,  ought. to  be  noted  to  the  decimal  part  of  a  second ; 
— an  error  to  the  value  of  one  second  in  the  observed  mean  time  of 
transit  would,  at  a  mean  rate,  produce  an  error  of  about  29^  seconds 
in  the  computed  right  ascension  of  the  moon's  centre,  and  this  would  , 
affect  the  longitude  nearly  7i  miles.  But,  since  those  who  are  fur- 
nished with  transit  instruments  are  also  provided  with  good  chrono- 
meters ;  there  cannot  be  any  difficulty  in  knowing  the  exact  moment^ 
in  true  mean  time,  that  the  moon's  enlightened  limb  will  come  to  the 
meridian  of  the  place  of  observation,  viz.,  where  the  transit  instrument 
is  fixed. 
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^    Problem  XV. 

To  deduce  the  Longitude  from  an  Occultation  of  a  fixed  Star  by  the 

Moon, 

The  solution  of  the  present  Problem  was  originally  intended  for  die 
instruction  of  Mr.  Edmund  Mowbray  Lyons,  a  midshipman  belonging 
to  Her  Majesty's  ship  Portland,  and  second  son  of  Captain  Sir  Ed- 
mund Lyons>  of  the  Royal  Navy  ;  a  Knight  Commander  of  the  Royal 
Hanoverian  Guelphic  Order,  Knight  of  the  Cross  of  St.  Louis,  in 
France,  and  of  the  Cross  Redeemer  of  Greece,  and  now  the  resideiit 
British  Minister  at  Athens ;  under  whose  judicious  command  I  had 
the  honour  of  ser^'ing,  during  a  period  of  three  years,"  on  board 
the  Blonde  frigate. — And,  as  Mr.  E.  M.  Lyons,  like  the  generality 
of  young  gentlemen  in  the  Royal  Navy,  cannot  be  supposed  to 
have  entered  very  deeply  into  the  elements  of  Astronomy,  I  have, 
therefore,  endeavoured  to  divest  this  important  Problem,  of  all  the 
mystical  abstruseness  of  analytical  expressions ;  to  remove  the  daik 
veil  from  the  occult  doctrine  of  the  occultations,  and  thus  to  reduce  tlie 
whole  to  such  a  perfect  state  of  simplicity,  as  not  only  to  be  adaptfd 
to  juvenile  capacities,  but  also  to  be  peculiarly  suited  to  the  compre* 
hension  of  every  person  whose  early  entrance  into  the  nautical  worid 
may  have  precluded  his  making  anything  like «  great  proficiency  in 
the  elementary  parts  of  the  sciences. 


Of  all  the  various  methods  which  astronomers  have  devised,  from 
time  to  time,  for  the  solution  of  the  important  problem  of  the  longi- 
tude, that  which  has  been  proposed  by  means  of  an  occultation  is,  by 
far,  the  most  correct,  the  most  easy  of  observation,  and  the  most  un- 
susceptible of  instrumental  errors. 

It  is  considerably  more  exact  than  the  common  method  by  the  bmar 
distances :  for,  since  an  immersion,  or  an  emersion,  can  be  strictly 
observed  to  the  nearest  second  of  time  with  a  good  night-glass,  such 
as  those  generally  used  by  the  captains  of  Her  Majesty's  ships  of  war ; 
it,  therefore,  excludes  the  possible  admission  of  any  of  those  unavoid- 
able errors  to  which  the  lunar  distances' hire  subject;  as  well  from 
imperceptible  defects  in  the  sextants  and  quadrants  employed  in  tak- 
ing the  distance  and  altitudes  of  the  objects,  as  from  an  imperfect 
manner  of  using  those  instruments  on  the  part  of  the  observers. 

Tlic  great  Dr.  Ilalioy,  in  treating  of  this  momentous  subject,  ob- 
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serves  : — "  Of  all  the  methods  hitlierto  proposed  for  finding  the  longi- 
tude, none  seems  more  adapted  to  the  purpose  than  that  by  the  occul- 
tations  of  the  fixed  stars  by  the  moon.  For  those  immersions  of  the 
stars  which  happen  on  the  dark  semicircle  of  the  moon,  and  their 
emersions  from  the  same,  are  perfectly  momentaneous,  without  that 
ambiguity  to  which  observations  of  the  eclipses  of  the  moon,  and  those 
of  Jupiter's  satellites  are  subject."—  And  Dr.  Maskelyne,  the  late 
Astronomer  Royalj  in  touching  upon  the  same  sublime  point,  expresses 
himself  thus  : — "  The  conjunction  of  the  moon  with  the  planets,  or 
fixed  stars  not  less  than  the  foufth  magnitude,  which  may  prove  occul- 
tations  in  some  inhabitable  parts  of  the  globe,  are  evidently  designed 
to  instruct  mariners  or  travellers  to  look  out  frequently  for  such  obser* 
rations ;  which,  if  they  happen  to  prove  occultations,  and  are  carefully 
observed,  will  afford  a  certain  means  of* determining  the  longitude  of 
the  place  of  observation.". 

The  method  of  finding  the  longitude  by  means  of  an  occultation 
was  proposed  by  Cassini,  the  celebrated  continental  astronomer,  in 
the  History  of  the  Royal  Academy  of  Sciences  for  the  year  I7OO:  it 
has  been  since  treated  of  by  many  other  eminent  mathematicians  and 
astronomers,  English  as  well  as  French ;  but,  since  these  have  handled 
the  subject  in  such  a  very  learned  manner  as  to  carry  their  researches 
far  above  the  range  of  ordinary  ideas,  the  demonstrations  which  they 
have  given  are,  therefore,  so  highly  sublimed  in  science  as  to  be  per- 
fectly incomprehensible  to  every  person  who  is  unacquainted  with  ^no/y- 
iiccU  Investigations.  And  hence  it  is,  that  the  very  best  of  all  methods 
for  settling  the  longitude  is  still  a  desideratum  in  the  nautical  world. 
For  the  purpose  of  doing  away  with  that  desideratumy  I  shall  adopt 
Buch  plain  and  familiar  illustrations  as  cannot  fail  of  being  intelligible 
to  all  who  are  acquainted  with  the  trigonometrical  canon^  and  who 
have  a  slight  knowledge  of  the  doctrine  of  spherics.  In  doing  which, 
I  shall  make  use  of  a  little  circumlocution,  so  as  to  reduce  every  ele- 
mentary point  that  comes  under  consideration  to  the  comprehension 
of  school-boys,  and  to  the  standard  of  common  capacities. 

Before  entering  upon  the  pro]josed  method  of  computation,  it  may 
be  advisable  to  make  a  few  general  observations,  for  the  guidance  of 
such  persons  as  have  not  had  an  opportunity  of  going  through  a  regular 
course  of  the  elementary  branches  of  Astronomy. 


1.  An  occultation  signifies  the  time  that  a  fixed  star,  or  planet,  is 
hid  from  our  sight,  when  eclipsed  by, the  interposition  of  the  moon. 

2.  An  immersion  signifies  the  exact  moment  that  a  fixed  star,  or 
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pbiMt,  duapp«ari  behind  the  eastern  limb  of  the  moon  ;  and  an  mmt- 
M«,  the  instant  of  the  stars  re-appearance,  or  of  its  coming  out  fnm 
behind  the  moon's  western  limb. 


3.  Whik  the  moon  is  performing  her  periodical  revolutions  round 
the  hearens,  she  frequently  passes  between  the  earth  and  certain  fixed 
stars  or  planets  that  lie  in  the  pbne  of  her  track  ;  and  thus  interet^ 
them,  for  a  short  space  of  time,  from  the  riew  of  an  observer.    Wken 
a  star,  or  planet,  is  so  intercepted  or  hid  from  our  sight,  it  may  be 
said  to  be  eciijmed ;  but,  as  this  species  of  eclipse,  like  that  of  tke 
sun,  is  subject  Xp  the  effects  of  the  moon's  horizontal  parallax  it  is, 
tiierefore,  not  nnifersal:  and  thus  a  star  may  be  occulted  by  tiic 
moon  at  London,  which  will  not  prove  to  be  an  occultation  at  Paris, 
and  Gonrersely.     For,  since  the  apparent  place  of  the  moon  in  the 
firmament  is  deprtsted  byparailar*  this  element,  therefore,  diminishes 
her  apparent  declination  when  it  is  of  the  same  name  with  the  lati- 
tude, and  increases  her  declination  when  it  is  of  a  denomination  con- 
trary to  the  latitude ;  that  is,  the  horizontal  parallax  always  increases 
the  moon*s  apparent  polar  distance.     Hence,  in  north  latitude,  the 
interposition  of  the  body  of  the  moon  can  only  intercept  from  the  view 
of  an  observer  on  the  earth  or  sea  such  star,  or  planet,  whose  northen 
declination  is  some  minutes  le$i  than  the  moon's  true  declination  of 
the  same  name,  or  whose  southern  declination  is  some  minutes  ^rt§Ur 
than  her  true  declination  of  the  same  denomination ;  and  vice  warn, 
in  south  latitude. 

This,  perhaps,  may  be  rendered  more  intelligible  by  observing  thi^ 
when  the  latitude  and  the  declination  of  the  objects  are  of  the  same 
name,  the  declination  of  the  moon  must  be  some  minutes  greater  than 
that  of  a  star :  but,  if  of  contrary  names,  the  moon's  declination  must 
be  some  minutes  less  than  that  of  a  fixed  star  or  planet.  Or,  in  other 
terms,  universally  the  polar  distance  of  the  star  or  planet  must  be 
some  minutes  greater  than  that  of  the  moon  to  produce  an  occultation. 

4.  It  frequently  happens  that  there  is  a  perfect  conjunction  of  the  / 
moon  and  a  fixed  star  both  in  right  ascension  and  declination,  as  seen  / 
from  the  centre  of  the  earth ;  and  yet,  to  an  observer  on  the  face  of 
the  globe,  such  conjunction  may  not  prove  to  be  an  occultation  :  for, 
owing  to  the  depressing  nature  of  parallax,*  the  moon  will  appear  to 
pass  under,  or  over  the  star,  according  as  the  latitude  of  the  place  of 
observation  and  the  declination  of  the  objects  are  of  the  same  or  of 
contrary  denominations.  To  this  there  may  be  an  exception  in  certain 
cases  (particularly  in  latitudes  between  the  tropics),  when  the  moon, 

•  Sec  the  explanation  of  the  moon's  horizontal  parallax,  between  pages  29  and  32. 
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at  the  time  of  conjunction  with  a  fixed  star,  approache^s  so  near  to  the 
zenith  as  to  cause  the  vahie  of  her  parallax  in  altitude  to  be  reduced 
below  the  double  of  her  true  semidiameter : — this  may  happen  when 
the  moon  is  in  apogee,  or  at  her  greatest  distance  from  the  earth,  pro- 
vided she  passes  within  34  degrees  of  the  zenith :  but,  in  general,  it 
may  happen  whenever  the  moon  approaches  within  28?30^  of  the 
zenith  ;  because,  betwixt  this  point  and  the  zenith,  the  amount  of  her 
parallax  will  be  always  less  than  twice  the  value  of  her  true  semi- 
diameter,  viz.,  less  than  the  full  measure  of  her  whole  diameter. 

5.  The  observation  part  of  an  occultation  is  extremely  simple ;  for  it 
consists  of  no  more  than  merely  noting  the  exact  moment,  by  means 
of  a  well  regulated  watch,  or  chronometer,  that  the  moon's  eastern 
limb  covers  a  fixed  star,  or  the  moment  that  a  star* re-appears  or 
emerges  from  behind  the  moon's  western  limb.  The  immersion  of  a 
fixed  star  is  easily  observed  at  sea ;  because  the  sight  may  be  directed 
to  the  star  by  means  of  a  good  night-glass,  or  even  a  common  teles- 
cope, until  it  is  occulted  by  the  moon.  In  case  of  an  emersiony  the 
observer  should  direct  his  attention  to  that  part  of  the  moon's  western 
limb  from  which  the  star  is  expected  to  emerge,  some  minutes  before 
the  estimated  time  of  emersion,  and  continue  looking  until  the  instant 
of  the  star's  re-appearance.  The  approximate  time  of  a  star's  emersion 
may  be  found  by  adding  to  the  observed  instant  of  immersion  the  time 
required  by  the  moon  to  pass  over  an  arc  of  her  orbit,  equal  to  the 
chord  of  the  segment  of  her  disc  cut  off  by  the'  apparent  passage  of  the 
siar»  This  time,  and  the  length  of  the  chord  of  the  segment  so  cut 
off,  may  be  nearly  guessed  at  by  attending  to  the  following  considera- 
tions and  general  precepts. 

6.  When  the  moon  is  in  or  near  the  equinoctialt  which  she  must 
be  twice  in  every  lunation,  the  line  of  her  path  will  be  about  east  25? 
north,  or  east  25?  south,  according  to  the  direction  of  her  declination. 
When  she  is  at  the  northern  or  soilthem  limits  of  the  zodiac,  her  track 
will  be  very  nearly  due  east :  in  other  parts  of  the  zodiac  the  average 
course  of  her  track  is  about  13?  to  the  northward  or  southward  of 

t,  according  to  the  tendency  of  her  declination.  But,  in  general, 
hen  the  'enlightened  part  of  the  moon  is  in  the  form  of  a  crescent, 
d  also  when  it  is  gibbous,  the  diameter  which  is  perpendicular  to 
the  imaginary  line  that  connects  the  extremities  of  her  cusps  or  horns, 
or  that  joins  the  points  which  divide  the  light  from  the  dark  on  her 
upper  and  lower  limbs,  will  indicate  the  course  of  her  apparent  path 
in  the  heavens,  with  respect  to  the  position  of  the  observer. 

/•  Take  the  moon's  semidiameter  in  the  compasses,  from  any  scale 
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of  equal  parts,  and  with  it  describe  a  circle  to  represent  the  lunar  di«; 
on  which  note,  as  near  as  can  be  estimated  by  the  eye,  the  pointi  rf 
her  cusps,  when  the  enlightened  part  is  less  than  a  semicircle ;  or  & 
points  which  separate  light  from  dark  on  her  limbs,  when  the  enlight- 
ened hemisphere  is  more  than  a  semicircle  :  and,  note  also  the  point  of 
her  eaistem  limb  which  was  in  contact  with  the  star,  and  behind  wbiA 
the  star  may  have  disappeared. 

Connect  the  cusps  or  points  c  e'hy 
a  right  line,  as  in  the  annexed  dia- 
gram :  bisect  this  line ;  and  through 
the  point  of  bisection  at  b,  draw  the 
diameter  dbd<  oX  right  angles  thereto, 
and  it  will  indicate  the  apparent  line 
of  the  moon's  path  at  the  moment  of 
observing  the  star's  immersion.*  - 

From  the  point  of  contact  at  the 
mark  * ,  draw  a  chord  line  paraUtl  to 
the  diameter  d  b  d',  and  it  will  show 

the  track  of  the  star's  occultation.  The  point  a  represents  the  part  of 
tlie  moon's  western  limb  from  which  the  star  will  make  \ta  re-ajtpetf- 
ance.  Take  the  chord  line  *  a  in  the  compasses,  and  apply  it  to  the 
same  scale  of  equal  parts  that  the  semidiameter  was  taken  froiu ;  vA 
it  will  give  the  probable  length  of  the  chord  of  the  segment  *  t*, 
cut  off  by  the  apparent  •track  of  the  star.— Now,  since  the  chord  In^ 
thus  determined,  bears  the  same  proportion  to  the  moon's  relatiK 
hourly  motion  in  tpace,*  that  this  motion  does  to  one  hour  :  therefo)^ 
as  the  moon's  relative  hourly  motion  in  right  ascension  •  (conmted 
into  degrees,  or  parts  of  a  degree)  is  to  GO  minutes,  so  is  the  measure 
of  the  chord  line- «  a,  to  the  approximate  interval  of  time  betwixt  Ae 
instants  of  the  star's  disappearance  behind  the  moon's  eastern,  and  rf 
its  re-appearance  from  behind  her  western  limb.  But,  as  the  time  dm 
estimated  only  amounts  to  a  probability,  therefore,  to  jnake  certain  of 
detecting  the  star  at  the  eyact  moment  of  its  re-appearance,  the  sigfat 
should  be  directed  to  that  part  of  the  moon's  western  limb  from  which 


m 


*  irtbemooii'i  rel&tlve  p«th  be  wanted,  ft  mar  be  rouJIlr  determiDBd  bjtfaei 
.    /ermula,  vi*. : — To  the  log.  co-ucuit  ol  the  moon**  rcUtive  motion  In  right 

mdd  tbe  log.  lioe  of  her  relative  motion  in  declination,*  and  the  log.  >ecant  of  ber  eoncd 
declination ;  the  turn,  abating  20  in  the  index,  will  bo  the  orbital  angle,  or  the  cofiwl 
angle  of  the  moon'l  relative  path  in  the  heavens.  However,  for  pnrpoeei  Uka  flw  ilwWt 
■■ch  cxactneu  a«  thli  become*  fw'h  vnmettBrf. 

*  ThcexccMoTtho  moon'i  motion  orcr  tltc  lun'i  during  the  (pace  of  ODClMnir. 


OF    FINDING    THE    LONGITUDE    BY    OCCULTATIOXS.  541 

it  is  expected  to  emerge,  a  few  minutes  before  the  expiration  of  the 
computed  time  of  emersion. 

8.  The  most  favourable  season  for  observing  an  emersion  is  betwixt 
the  full  moon  and  the  new:  for,  since  the  sight  will  then  be  directed 
to  the  unenlightened  hemisphere  of  the  moon,  it  can  easily  detect  the 
star,  at  the  very  instant  of  its  appearing  to  emerge  from  behind  her 
dark  western  limb. — And,  on  this  principle,  it  would  appear  that  the 
best  season,  or  period,  for  observing  an  immersion,  is  between  the  new 
moon  and  the  full ;  because,  as  the  moon's  unenlightened  limb  will 
then  approach  the  star,  the  moment  of  contact  may  be  observed  to  the 
decimal  part  of  a  second.  But,  as  to  an  immersioHy  it  may  always  be 
ob9er\'ed,  in  every  stage  of  the  moon,  whether  its  eastern  limb  be  dark 
or  bright,  within  one  second  of  the  truth,  which  is  near  enough  for 
most  purposes ;  because  an  error  of  4  seconds  in  the  observed  time  of 
an  immersion,  or  an  emersion,  would  only  affect  the  longitude  to  the 
value  of  one  mile. 

9.  The  weariness  occasioned  by  the  prolixity  of  the  necessary  cal- 
culations for  clearing  the  moon's  apparent  place  from  the  effects  of 
her  horizontal  parallax,  has  been  hitherto  considered  as  an  almost 
iasuperable  objection  against  having  recourse  to  the  occultations  of 
the  fixed  stars  for  the  determination  of  a  ship's  longitude : — and  the 
over^seieniifical  manner  in  which  the  subject  l^as  been  treated  by  ele- 
mentary writers,  which  to  the  nautical  wqrld  is  quite  enigmaticaly  has 
ooly  tended  to  render  that  objection  the  more  unconquerable. 

But,  since  the  elements  of  the  moon,  in  right  ascension  and  declina- 
tion^  are  now  given  in  the  Nautical  Almanac  to  every  hour  (which  does 
away  with  the  trouble  of  equating  those  elements  on  account  of  secomi 
d^erences),  a  considerable  portion  of  the  objection  just  mentioned  has 
been  removed;  and  it  is  presumed  that  the  whole  will  be  done  away 
withy  and  for  ever'  obviated,  by  the  simplicity  of  the  proposed  method 
«f  computation ;  for,  it  is  so  plain,  and  so  easy  of  attainment,  as  to 
be  within  the  reach  of  every  person  who  understands  the  use  of  the 
common  logarithmical  tables. 

m 

10.  The  proposed  method  of  deducing  the  longitude  from  an  occul- 
tation  of  a  fixed  star,  or  planet,  by  the  moon,  may  be  illustrated  in 
the  following  manner^  agreeably  to  the  principles  of  spherical  trigo- 
nometry. 

In  the  annexed  diagram  let  the  section  of  a  great  circle  H  E  Z  P, 
represent  an  arc  of  the  meridian^  in  which  Z  P  represents  the  co- 
ktttude  of  the  place  of  observation.    Let  the  point  /,  be  the  true 


CijL  isimaxour. 


*^ 


piv*  ci  ihe  DiKQ.  is  aetn  boat  tbc  centre  of  the  eftrth ;  throoik 
•njA  pois:  a^-m-  tJbt  drck  ot  drdiMtinn  P(  d  at,  and  the  circled 
ailitaat  Z  ;  c  aiMSi:^  the  horizon  H  t  &c.  in  the  poiot  o : — Tbta, 
th«  arc  Pf  will  be  the  bkwq'i  tme  poUr  dUtance ;  Z  t,  her  true  icnhh 
eifUaoF.  and  the  ancle  Z  P  (  her  tnic  dutsnce  from  the  meridun. 

Nov.  althouch  to  an  obferrer  al  the  cartfa'i  centre  (suppoung  ^ 
^obe  to  be  tnn«pamit',  the  moon  wxmld  ippear  at  the  point/;  jH, 
■a  coBset{-jence  of  the  depRMif^  mtnra  al  panlluc,  to  an  obsemr  tf 
sea,  or  OQ  «horr,  she  would  appear,  at  the  same  moment,  to  be  de- 
pressed below  her  true  place,  and  thna  >ecm  to  be  at  the  point  m  :— 
throufh  this  point  draw  the  circle  of  declination,  represented  bj  tbe 
dotted  curre  P  a  c  jr : — then,  the  moon's  apparent  hour  angle,  or  if- 
parent  distance  from  the  meridian,  will  be  expressed  by  the  ni^ 
Z  P  a  :  and  since  thb  is  manifestly  greater  than  the  true  hour  aagk 
Z  P  /,  therefore  the  effect  of  parallu  on  Z  P  a  is  always  aubtrae^ 
from  that  angle,  whether  the  moon  be  to  the  eastward  or  westward  of 
the  meridian. — Through  the  point /,  draw  the  ptnQlel  of  declination /r; 
then  will  the  angle  f  P  r  be  the  effects  of  parallax  in  right  ascensKMi, . 
which  is  measured  by  tbe  arc  of  the  equator  d  e ;  and  the  dotted  are 
a  r,  will  be  the  effects  of  parallax  on  the  polar  distance. 

Let  the  point  t  be  considered  as  a  fixed  star  in  conjunctiou  with  tbe 
moon.  Then,  in  the  oblique  angled  spherical  triangle  i  Z  P,  the  three 
sides  are  giren,  and  also  the  meridian  distance  Z  P  / }  to  find  tbe 
angle  at  the  zenith^/  Z  F,  which  ia  the  true  azimuth  of  tbe  star,  or 
point  t. — And  since  the  part  of  the  moon's  limb,  which  is  in.  contiet 
with  the  star,  may  be  considered  as  having  the  same  altitude  as  the 
star  itself;  if,  therefore,  the  true  altitude  of  the  star  be  duly  diminished 
by  the  correeponding  value  of  the  moon's  horizontal  parallax,  tbe  re- 
suit  will  be  the  apparent  altitude  of  the  point  of  the  moon's  limb  which 
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is  in  conjunction  with  the  star ;  and  hence  the  apparent  zenith  distance 
Z  a  is  known. 

Since  the  azimuth  angle,  viz.,  /  Z  P,  just  found,  is  supposed  to  be  un- 
affected  by  parallax  ;  therefore,  in  the  triangle  P  Z  a,  the  co-latitude  PZ, 
and  the  apparent  zenith  distance  a  Z,  with  the  included  angle  Z,  are 
given ;  to  find  the  appare^it  polar  distance  P  a  :  the  difference  between 
which  and  the  true  polar  distance  P  /  =  the  arc  a  r,  is  the  effects  of 
parallax  on  the  polar  distance. — ^Again,  in  the  same  triangle,  viz.,  in 
P  Z  a,  the  sides  and  the  angle  at  the  zenith  are  given ;  to  find  the 
angle  Z  P  a :  the  difference  between  this  angle  atid  the  true  hour  angle 
Z  P  /,  gives  the  polar  angle  /Pa;  which  determines  the  parallax  in 
right  ascension,  measured  by  the  arc  of  the  equator  d  c. 

LfCt  the  mark  4c ,  represent  a  fixed  star  that  is  about  to  be  occulted 
by  the  moon  ;  the  line  of  the  occultation  being  in  the  direction  of  sfc  £: 
bisect  this  line ;  and  between  the  point  of  bisection  and  the  moon's 
centre  (her  disc  being  represented  by  M)  draw  the  line  M  S,  and  it  will 
he  perpendicular  to  the  track  of  the  occultation  4t  S6. — ^Then  M  S, 
will  express  the  value  of  the  difference  between  the  approximate  polar 
distance  P  M,  and  the  apparent  polar  distance  P  a.— Draw  the  line 
M  4ry  and  it'  will  represent  the  moon's  true  semidiameter. — ^Then,  in 
the  right-angled  triangle  M  S  4t ;  right  angled  at  S,  and  which  may  be 
^  considered  rectilineal ;  the  hypothenuse  M  4t  i  and  the  leg  M  IS  are 
^  given ;  to  find  the  leg  itt  S. — Now,  this  leg  being  reduced  to  the  equator 
'  in  the  ratio  of  the  sine  of  haff  the  sum  of  the  approximate  and  ap- 
parent polar  distances  to  radius  unity  ;  the  result  will  be  the  correct 
▼alue  of  9tc  S  in  right  ascension,  or  the  measure  of  half  the  chord  line, 
in  right  ascenHon,  of  the  segment  ♦  e  &,  which  is  cut  off  by  the  apparent 
passage  of  the  star. — Hence  all  the  elements  of  the  occultation  are 
known. 

11.  Having  thus  explained  the  principles  upon  which  the  computa- 
tion of  an  occultation  is  founded ;  I  have  now  to  observe,  that  the  above 
aolution,  though  strictly  correct  in  theory,  becomes  often  impracticable 
at  sea,  owing  to  the  extreme  difficulty  of  finding  the  correct  astrono^ 
mical  values  of  the  apparent  zenith  distance  Z  a,  and  the  azimuth 
angle  a  Z  P : — hence,  we  shall  now  treat  of  a  more  practicable  mode 
of  determining  the  parallaxes  of  the  moon,  to  the  most  rigorous  degree 
of  mathematical  exactness. 

12.  Let  the  mark  41  in  the  diagram,  represent  a  fixed  star  or  planet^ 
which  is  about  to  be  occulted  by  the  moon  M. — ^Then  it  will  appear 
manifest  that  the  point  of  the  moon's  limb  which  is  in  contact  with 
the  star^  haf  the  same  apparent  right  ascen&iipn,  and  the  9ame  apparent 
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decliiiation  that  the  star  itself  has.  And,  if  the  apparent  value  of  that 
point  be  accurately  reduced  to  the  centre  atM,  it  will  show  the  correct 
central  right  ascension  and  declination  of  the  inoon  at  the.  instant  of 
obser^-ation ;  the  reduction  of  the  point  of  contact  depends  upon  the 
following  considerations : — 

13.  Since  tlie  horizontal  parallax  of  the  moon  causes  her  to  appear 
further  from  the  zenith  than  she  really  is;  it  therefore  affects  her 
meridian  distance,  by  making  it  more  than  the  truth  ;  and  thus  the 
apparent  hour  angle  must  be  diminished  by  a  quantity  which  is  equal 
to  the  sine  of  the  co-latitude  multiplied  by  the  sines  of  the  hour  angk 
and  the  horizontal  parallax  ;  divided  by  the  rectangle  of  the  sine  of 
the  apparent  polar  distance  and  the  secant  of  60  degrees. 

14.  Tlie  horizontal  parallax  of  the  moon  increases  her  apparent  dis- 
tance from  the  elevated  pole  of  the  heavens,  with  respect  to  the  place 
of  an  observer  on  the  earth ;  and  hence  it  is  subject  to  a  reduction : 
but,  as  the  amount  of  this  reduction  is  affected  by  the  hour  angle,  ac- 
cording as  its  value  is  more  or  less  than  90  degrees ;  it  therefore  con- 
sists of  two  distinct  parts  ;  one  of  which  arises  from  the  multiplication 
of  the  co-sines  of  the  latitude  and  the  corrected  ho^r  angle  by  the 
sines  of  the  apparent  declination  and  horizontal  parallax ;  and  the 
other,  from  the  multiplication  of  the  sines  of  the  latitude  and  the 
horizontal  parallax  by  the  co-sine  of  the  apparent  declination.  Hie 
manner  of  applying  those  parts  to  the  apparent  declination  of  the  star 
M'ill  be  explained  in  the  Rule. 

13.  The  moon's  right  ascension  is  affected  by  horizontal  parallax  in 
such  a  manner  as  to  be  increased  in  the  eastern  hemisphere,  and  de- 
creased in  the  western  :  and  hence,  at  an  immersion  the  contact  wiD 
take  place  a  little  sooner  than  it  ought  when  the  moon  is  east  of  the 
meridian,  and  not  so  soon  as  it  ought  when  she  is  west  of  the  meri- 
dian. For,  as  the  horizontal  parallax  always  projects  the  lunar  right 
ascension  towards  the  prime  vertical ;  that  is,  towards  the  azimuth 
circle  which  cuts,  at  right  angles j  the  point  of  intersection  that  is  made 
by  the  equator  and  the  horizon,  and  which  is  always  90  degrees  dis- 
tant from  the  meridian  ;  it  therefore  causes  the  moon,  when  in  contact 
with  a  star  in  the  eastern  hemisphere,  to  appear  a  little  to  the  eastward 
of  her  true  place ;  and  thus,'  the  parallax  in  right  ascension  will  be 
subtractive  from  the  apparent  right  ascension  of  the  star.  The  con- 
verse of  this  takes  place  when  the  moon  is  in  contact  with  a  star  in 
the  western  hemisphere ;  because,  then,  as  the  effects  of  parallax  will 
cause  her  to  appear  a  little  to  the  westM'ard  of  her  true  place,  which 


OF  FINDING   THB   LONGITUDE   B\    0CCULTATI0N8.  545 

diminbhes  tbc  value  of  her  right  ascension^  the  amount  or  correction 
of  parallax  will  be  additive  to  the  apparent  right  ascension  of  the  star, 
or  of  any  other  celestial  object  with  which  she  may  appear  to  be  in 
contact.  From  this  it  is  evident  that  the  parallax  in  right  ascension 
becomes  subtractive  when  the  moon  is  approaching,  and  additive  when 
she  rs  receding  from,  the  meridian. 

The  parallax  in  right  ascension*  decreases  from  the  east  and  west 
points  of  the  horizon  to  the  meridian,  where  it  entirely  vanishes  ;  and 
thus,  should  the  moon's  meridional  passage  chance  to  take  place  at  the 
precise  moment  of  an  immersion  or  an  ernkersionf  there  Will  not  be  any 
parallax  in-  her  right  ascension  ;  for,  since  the  plane  of  the  meridian 
will,  at  that  moment,  intersect  the  moou's  polar  distance  ^tright  angles, 
the  whole  effects  of  her  horizontal  parallax  will  be  confined  to  her 
declination  and  zenith  distance,  without  at  all  affecting  her  right  ascen- 
sion :  for,  as  the  circles  of  right  ascension  Pa  c,  and  V  t  d  (in  the 
diagram),  will  then  be  in  the  same  plane  with  the  meridian  E  Z  P ; 
the  polar  angle  /Pa,  and  the  corresponding  arc  of  the  equator  d  c, 
will  disappear  or  become  imperceptible. — The  amount  of  parallax  in 
the  moon's  right  ascension  is  equal  to  the  product  arising  from  the 
sines  of  the  co-latitude,  the  apparent  hour  angle,  and  the  horizontal 
parallax ;  divided  by  the  rectangle  of  radius  and  the  co-sine  of  the 
correct  declination  of  the  moon's  centre. 

16.  Since  the  apparent  point  of  con&ct  at  sic ,  is  to  be  reduced  to 
the  centre  of  the  moon  at  M ;  it  is  therefore  manifest,  as  appears  by 
the  diagram,  that  the  value  of  the  moon's  semi-segment  in  right  ascen- 
sion, viz.f  the  semi-chord  ♦  S,  becomes  subtractive  at  an  immersion, 
and  additive  at  an  emersion :  because,  in  the  first  instance,  the  apparent 
right  ascension  of  the  point  of  contact^  at  sic ,  is  greater,  and  in  the 
latter  instance  less,  than  the  tight  ascension  of  the  moon's  centre.— 
The  moon's  semi-chord  in  right  ascension  is  equal  to  the  square  root  of 
the  product  arising  from  the  sines  of  the  sum  and  difference  of  her  true 
semidiameter  and  the  difference  between  her  true  central  declination 
and  approximate  declination ;  multiplied  by  the  square  of  radius,  and 
divided  by  the  co-sines  of  those  declinations.  This  concise  solution  de- 
termines the  semi-chord  of  the  segment,  viz.,  the  leg  *  S,  independent  of 
the  angles;  agreeably  to  ihe/ormula  given  under  the  Remark  in  page  176. 
And  since  small  arcs  are  very  nearly  as  their  sines  ;  and  since  the  right 
angled  triangle  M  S  s|c ,  may  be  esteemed,  at  the  option  of  the  com- 
puter^ as  being  either  spherical  or  rectilineal ;  in  which  the  hypothe- 
nuse,  or  longest  side,  viz.,  the  moon's  semidiameter,  can  never  exceed 
16'A61 ;  therefore,  for  the  s^ke  of  uniformity  in  the  calculations^  the 

N    X 
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siMui-dioi-d,  Mliicli  can  never  be  greaier  than  that  side^  is  deteri 
tlio  Tublo  of  Loguritlimical  Sine«. 

17-  ^^iucc  the  point  of  the  moon'8  limb  which  comes  in  con^ 
a  tixod  stur  or  plunet,  at  an  immergion  or  an  emernon^  has 
tlu*  >anu'  upparmt  placr  in  right  ascentiioii  aud  declination  thai 
or  planet  has  ;  siirh  ol)jcct  may  be  conceii'ed,  by  analogy,  to 
tlio  same  paralhi.x  that  the  point  of  the  moon's  limb  does.^ 
cauhc  the  paraUax  of  the  moon's  limb  may  be  thus  transferr 
A^v  for  the  eonvenience  of  calculation  ;  therefore,  in  reducing  ' 
of  contact  to  tlie  centre,  the  augmentation  of  the  moon's  semi 
is  not  to  l)e  taken  into  account ;  the  true  seniidiameter,  as  gi^i 
Nautical  Ahnanac,  and  properly  reduced  to  the  meridian  oJ 
wicli,  is  that  M'hidi  is  to  he  made  use  of  in  the  computatioi 
since  the  point  of  the  moon's  limb  and  the  object  with  whici 
contact  are  at  the  same  degree  of  elevation  above  the  horizi 
are,  therefore,  e<|uallY  affected  by  refraction,  and  thus  any  c 
on  account  of  this  element  becomes  unnecessary. 

IS.  Having  thus  taken  a  cursory-  view  of  the  various  sub| 
nected  with  an  occnltation^  and  of  the  principles  upon  which 
posed  method  of  computation  is  founded  ;  I  have  now  to  obser^ 
is  the  correct  deterniinatioti  of  the  moon's  central  right  asce; 
the  precise  moment  of  an  immersion  or  an  emersion y  th.it  deni 
chiefest  attention  ;  cind  that  this  important  clement,  together 
longitude  of  the  place  of  observation,  may  be  easily  deteru 
the  following 

General  Rule, 

19.  Reduce  the  mean  time  of  observing  the  imfnersion  or  enti 
the  meridian  of  Greenwich,  by  Problem  III.,  page  342,  and  i1 
the  assumed  time  of  observation  at  Greenwich  :  to  which  let  t 
sun's  riglit  ascension  be  reduced  by  Problem  V.,  page  344  ; 
moon's  seniidiameter*  and  horizontal  parallax  by  Problem  X^ 
3()1  :  let  her  (declination  be  reduced  by  Problem  XVI.,  page  3 
it  will  express  her  approaimaie  declination.  In  the  three  last 
elements,  decimals  are  (juite  unnecessary  for  practical  purposes 
take  the  nearest  second  in  each,  and  it  will  be  sufficiently  e: 
stated  in  pages  t3()3  and  3G5  :  this  will  conduce  much  to  the  ex[ 
of  the  operation,  without  sensibly  affecting  its  correctness. 


*Thifl  clcircnt  is  not  to  be  corrected  for  GiigncDtation.*  Sec  Article  \7,  At 
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Diminish  the  latitude  hy  the  equation  in  Table  B,  and  the  result  will 
be  the  geocentric,  or  reduced  latitude :  to  the  logarithmic  radius  cor- 
responding to  this  in  Table  C^  add  the  log.  sine  of  the  moon's  reduced 
*  horizontal  parallax  ;  the  sum^  abating  10  in  the  index,  will  be  the  log. 
Bine  of  the  moon's  horizontal  parallax  adapted  to  the  oblate  spheroidal 
figure  of  the  earth. 

Take  the  star's  right  ascension  and  declination  from  the  Nautical 
Ahbanac  under  the  head  ^^  Occultations/'  between  pages  455  and  465$ 
aad  let  these  elements  be  considered  as  the  apparent  right  ascensioD^ 
and  the  apparent  declination  of  that  point  of  the  moon's  limb  which 
i«  in  contact  with  a  fixed  star  or  planet  at  the  exact  instant  of  an  im* 
mersion  or  an  emersion, 

-  To  the  mean  time  of  observation  add  the  mean  sun's  corrected  right 
ucension ;  and  the  sum  will  be  the  right  ascension  of  the  meridian :  the 
difference  between  which  and  the  apparent  right  ascension  will  be  the 
sg^parent  Aorar^. distance  of  the  moon's  limb  from  the  meridian.  Con-, 
vert  this  into  motion  by  Problem  II.,  page  342^  and  it  will  express  the 
value  of  the  apparent  hour  angle.     Now, 

To  the  sine  of  the  appAent  hour  angle  add  the  co-sine  of  the  re* 
duced  latitude,  and  the  sine  of  the  adapted  horizontal  parallax ;  call 
the  Bu^,  abating  20  in  the  index,  the  reserved  logarithm.  To  this  add 
the  secant,  less  radius,  of  the  apparent  declination,  and  the  constafit 
logarithm  9. 698970  ;*  the  sum,  abating  10  in  the  index,  will  be  the 
sine  of  the  parallax  in  the  apparent  hour  angle  ;t  which  being  sub-. 
tracted  therefrom,  the  result  will  be  the  moon's  corrected  hour  angle. 
—See  Article  13,  page  544. 

To  the  co-sine  of  the  moon's  corrected  hour  angle,  add  the  co-sine 
of  the  reduced  latitude,  the  sine  of  .the  apparent  declination  and  the 
sine  of  the  adapted  horizontal  parallax ;  the  sum,  abating  30  in  the 
index,  will  be  the  sine  of  the  minor  part  of  the  parallax  in  the  moon's 
declination  ;t  which  is  to  have  the  same  name  as  the  apparent  declina- 
tioa  when  the  corrected  hour  angle  is  more  than  90  degrees ;  but,  a 
different  name,  if  it  be  less  than*90  degrees.—  See  Article  14,  page  544. 
To  the  sine  of  the  reduced  latitude,  add  the  co-sine  of  the  apparent 
declination,  and  the  sine  of  the  adapted  horizontal  parallax ;  the  sum, 
abating  20  in  the  index,  will  be  the  sine  of  the  major  part  of  the  pa- 
rallax in  the  moon's  declination  ;t  which  is  to  have  the  same  name  as 


*  The  logarithmic  versed  sine  or  co-sine  of  60  degrees. 

t  The  arc  m  to  he  taken  which  corresponds  to  the  tabular  log.  sine  that  comes  nearwt  to 
the  computed  log.  aiae,  whether  the  tabular  one  be  the  greatest  or  the  least. 
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the  apparent  declination  when  this  and  the  latitude  are  both  northi  or 
both  south  ;  but,  a  contrary  nanie^  if  one  be  north  and  the  other  sooth. 
— See  Article  14,  page  544. 

Now  the  sum  or  the  difference  of  the  minor  and  major  parts  of  pa- 
rallax, according  as  they  may  be  of  the  same  or  of  iliffereiit  deDomim- 
tions,  will  be  the  effects  of  parallax  in  the  moon's  declination,  with 
the  name  of  the  major  part :  then,  this  being  applied  to  the  apparel 
declination  by  addition,  when  the  names  are  alike,  or  by  subtractioit  if 
unlikey  the  result  will  be  the  correct  declination  of  the  moon's  centre. 

To  the  secant,  less  radius,  of  the  correct  declination  of  the  moon's 
centre,  thus  found,  add  the  reserved  togariihm ;  and  the  sum  will  be 
the  sine  ot  the  parallax  in  right  ascension  ;*  to  which  prefix  the  sign 
+  ,  when  the  moon  is  west,  or  the  sign  — ,  when  she  is  east,  of  the 
meridian.  The  reader  would  do  well  to  turn  back  and  re-peruse  the 
whole  of  Article  15,  page  544. 

Find  the  difference  between  the  correct  declination  of  the  moons 
centre  and  her  approximate  declination  ;  then,  to  the  sines  of  the  snm 
and  the  difference  of  this  and  the  moon's  true  semidiameter,  add  the 
recants,  less  radius,  of  those  declinations :  half  the  sum  of  these  four 
terms  will  be  the  sine  of  ihe  semi-chord  oi  the  ocrultation  in  right  ascen- 
sion ;*  to  which  prefix  the  sign  +,  at  an  etnei'sion ;  but  the  sign  — ,  at 
an  immersion. — See  Article  16,  page  545 ;  and  the  paragraph  aboie 
Article  11,  page  543. — Now,  if  the  moon's  parallax  in  right  ascension, 
and  the  semi-chord  of  the  segment  of  occultation  in  right  aiscension  have 
signs  alikey  take  their  sitm  ;  but,,  if  unlike,  their  difTerence,  with  the 
9ign  of  the  greater  term.  Multiply  this  sum^  or  difference,  as  the  case 
may  be,  by  4;  and  it  will  be  converted  into  time;  observing  that  se- 
conds of  a  degree  produce  thirds  of  time,  and  minutes  of  a  d^ree, 
seconds  of  time.  Annex  a  cipher  to  the  thirds ;  then  divide  by  6,  and 
they  will  be  reduced  to  two  places  of  decimals,  or  to  hundredths  of  t 
second.  Apply  the  minutes  and  seconds,  thus  found,  to  the  apparesl 
right  ascension  by  addition  or  subtraction,  according  as  its  sign  may 
be  cither  affirmative  or  negative ;  and  the  result  will  be  the  correct 
right  ascension  of  the  moon's  centre. 

Enter  the  Nautical  Almanac  and  find,  under  the  given  dag,  the  differ- 
ence between  the  right  ascension  of  the  moon's  centre,  determined  as 
above,  and  her  7iext  less  right  ascension  ;  and  find,  also,  the  difference 
between  the  nea:t  less  and  the  next  greater  right  ascension  ;  wnich  dif- 


*  The  arc  is  to  be  taken  which  corresponds  to  the  tabular  log.  sine  that  ootnet  nearest  to 
the  computed  log.  sine,  whether  the  tabular  one  be  the  greatest  or  the  least. 
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ferciices  convert  into  seconds.  Then,  from  the  sum  of  the  logarithm 
of  the  first  difference  and  the  constant  logarithm  3. 656303,*  subtract 
the  logarithm  of  the  last  difference ;  and  tlie  remainder  will  be  the 
logarithm  of  a  portion  of  time  in  seconds :  raise  this  to  minutes  &c.,  to 
which  prefix  the  hour  corresponding  to  the  nea:t  less  right  ascension, 
and  it  will  express  the  mean  time  of  the  immersion,  or  emersion,  at 
Greenwich.  Now,  the  difference  between  the  mean, time  at  Green- 
wich, thus  found,  and  the  mean  time  of  observation,  being  converted 
into  motion,  will  be  the  correct  longitude  of  the  ship  or  place  of  obser- 
vation; which  will  be  east,  if  the  mean  time  at  ship  be  the  greatest ; 
otherwise,  it  will  be  west. 

• 

Remark. — ^The  above  General  Rule  is  adapted  to  the  second  volume 
of  this  work  ;  in  which  the  sines  and  the  secants  of  all  arcs  are  given 
*to  every  second  in  the  semicircle  :  and  as  it  departs  from  the  customary 
modes  of  computation,  by  determining  the  different  values  of  the 
moon's  horizontal  parallax  in  the  sines  of  arcs  instead  of  in  their  lineal 
measures ;  I  think  it  right  to  observe,  that  this  is  done  for  the  purposes 
of  simplifying  and  expediting  tlie  jiumerical  calculations': — and  I  shall 
now  show,  that  in  thus  studying  the  accomplishments  of  these  points, 
I  have  not  sensibly  departed  from  the  strict  line  of  mathematical  cor- 
rectness.  The  greatest  value  of  the  moon's  horizontal  parallax  is 
61  f  32'' ;  beyond  this  point  it  can  never  pass,  so  long  as  the  ordinary 
laws  of  nature  remain  unchanged.  Now,  since  the  Trigonometrical 
Tables  are  adapted  to  a  circle  whose  rjvdius  is  unity y  or  1 ;  and  that  it  is 
not  necessary,  at  least  for  practical  purposes,  to  extend  the  numbers  in 
those  Tables  beyond  six  places  of  decimals :  and  since  the  absolute 
length  of  the  arc  of  61  '32''  is  0.01/608;  and  that  Xh^sine  of  the  same 
arc  is  also  0.  017608,  as  may  be  readily  proved  by  calculation  ;  there- 
fore, the  one  may  be  substituted  for  the  other,  and  so  may  all  other 
small  arcs  and  their  sines  that  correspond  to  six  places  of  decimals. 
But,  since  the  different  values  of  the  moon's  horizontal  parallax  will 
always^ be  considerably  below  60  minutes ;  therefore,  it  is  clearly  mani- 
fest, that  for  the  important  purpose  of  facilitating  the  calculations,  the 
measures  of  the  sines  may  be  safely  substituted  for  the  lengths  of  the 
arcs. — See  the  latter  part  of  Article  16,  page  545. 


*  This  is  the  logarithm  of  3600 ' ,  or  of  one  hour  reduced  to  seconds. 
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Mean  time  at  ship  » 8*  58"'58' 

Longitude  5<^22'45"  west  =  . .      +  21 .31 


Assumed  time  at  Greenwich »     9*20"*29' 


Mean  sun's  R.  A.  at  noon  »    .    2*  14*"  6'  89 
Equa.,Tab.XLVI.  to  9*  20-29'  =     +  1 .  32 .  08 


If  Leonis,  appannt  R.  A.  «    9*58«23*  11 

and  apparent  declin.  «=  . .   17033'36"  7  N. 
})  's  approximate  deciiu,  =   17<^48'  17"  N. 
])  's  reduced  semidiam.  =  15'  17" 

Ditto,  horizontal  par.  B  ..         5(>.  o 
Latitude  of  ship  or  place  =  39''28'  14"  N. 
Equation,  Table  B  =    -11.5 


Mean  sun's  cor.  R.  A.  «    2*  15"'38'  97 

Mean  time  at  ship  or  place  ^     8.58.58  -- 


R.  A.  of  the  meridian  «    11*  U^aG'  97 

Apparent  R.  A»  o     9.58.23.77 


Reduced  latitude  ^ 39<>17'   9"  N. 

Log.  radiuff  Of  ditto  in  Table  C.  =  9 .  999428 
!  I  's  red.  hor.  par.  56"5    Sine       8.212541 


^g.  sine  of  })  's  hor.  parallax  »  8.21196*9  ; 
adapted  to  the  oblate  figure  of  the  earth. 


Appar.  hor.  dist.,  weet  «     l*lfi'"i:V  20 

Ditto,  converted  into  motion,  or 

Ap.  h.  a.  ^  19°  .r  18"  Sine  9,513851 
Red.  lat.  =  39.17.  9  Co-sine  9 . 8887.19 
Ix>g.  s.h.  p.e    , 8.211969 


l'  T^'scor.  dec.c=17*»55'  4' Secant  0.021591 
i'  Apx.  d.  =  17.48.17    Secant  0.021315 


Botervcd  logarithm  *     7.6]4559 

4l».  d«o.  -  ....  17«33'  37''  Secant  0.020724 
CosMtant  logarithm  « 9.698970 


FHr.iiib.ft.  -       ^7'25"«ne»   7.334253 


Cor.  h.  a.  =  18'*55'  53"  Co-sine  9.97.5848 
m«Llal.«  3d. 17.  9  Co-tlne  9.888739 
Ap.dtc.^  17.33.37  Sine  9.479588 
Log.  s.  h.  p.  » 8.211969 


Diflfcrcncc  = 
D  's  seoiidr.  « 

Sumof^itto 
Difference  » 


6' 47" 
15.17 


22'    4"  Sine     7.807460 
8.30    Sine     7.393145 


Sum  »   15.243511 


Fart  I 


S 12' 22"  Sine  «  7.656144 


Red.lat  »  39oi7'  9'' Sine  9.801533 
Ap.^c.'^  17.33.37  Co-sine  9. 979276 
Log.  s.  h.  p.  s 8.211969 


Seraichord 
Par.  R.  A. 

Sum 


+  14'2.r'Sine=  7.621755J 
+  14.52 


'  1  r" 


+  29  15 


Ditto  in  tiDio  =•      + 1«57'   0 
Ap,  R.  A.  -         9. 58. 2S. 77 


Fart2» 
Partl» 

Far.  In  dec. 
4F>dec.» 


N 33^49"  Sine  »   7.9927>8 


})'scor.R.A.«10*  0-20- 77  1q 

)) '»R.A.at 9*  =  9.59.:J7.86/ 

Ditto  at  10*=   10.    1.42.05} -2.  4.19 


,  First  diff.    0-42*  91  -42*  91  Log.  - 1. 632559 
Constant  logarithm  » 3. 556303 


21 '27"  North. 
17.33.37    North. 


>'aoor.dec.     17<'55'   4"  Secant  0.021591 
Retenred  logarithm  » 7. 614559 


Sum  I-  5.188862 
Last  diff*.  2"*  4'  19- 124'  19  Lo^.- 2. 094087 


Portion  of  time  «     1244'      Log.  s  3.094775 


\ 


Greenw.  timo-=     9*20"44' 
Time  at  ship  «      8.58.58 


Bm.  r.  a. 


+  14' 52"  Sines  7.636150 


Long,  in  time-  C*2r46'  «  5O26'30"  W, ; 
which  is  the  correct  longitude  of  the  place 
of  observation. 


Remark, — Although  the  apparent  horary  distance,  in  HmCy  is  deter- 
mined to  hundredths  of  a  second ;  yet,  this  is  not  absolutely  neces- 
sary; for,  in  every  instance,  the  nearest  second  will  prove  to  he  sufficiently 
exact, 
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Agreeably  to  this  familiar  mode  of  coinputation>  the  moon's  ri^ 
ascension  may  be  found  within  the  one-tenth  part  of  a  second;  whicl 
is  quite  near  enough  to  the  truth  for  the  ordinary  purposes  of  uaTiga- 
tion.  And,  if  all  the  elements  that  enter  into  tbe  calculation  be  ttlun 
out  to  decimals,  and  the  moon's  right  ascension  computed  on  the  strict- 
est mathematic:il  principles,  it  n-ill  be  found  not  to  differ  more  than  the 
one  handredlk  part  of  a  second  from  the  abore ;  and  this  ^ffereiice 
vould  only  affect  the  resulting  longitude  about  the  twentieth  jurl  oi  i 
mile. 

With  the  view  of  preventing  the  young  navigator  from  falling  iolo 
an  error  in  the  reduction  of  ifiirda  of  time  to  hundredths  of  a  second; 
tlie  following  Table  k,  therefore,  given  for  his  guidance ;  iu  which'  he 
will  find,  at  6rst  sight,  the  decimal  values  of  the  thirds. 
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21.  Should  the  occultation  be  observed  for  the  purpose  of  establish- 
ing  the  true  position  of  a  place  on  shore ;  such  as  that  of  n  cape  or 
headland,  in  condticting  a  uiaritinie  survey ;  let  the  operation  be  per^ 
formed  agreeably  to  tlie  following  formula,  and  the  longitude  will  be 
determined  to  the  most  rigid  <legree  of  exactness.  Although  the  pro- 
posed formula  is,  in  substance,  the  same  as  the  preceding  Rule  (tbe 
only  essential  difference  being  that  tlie  horizontal  parallax  and  its  dif- 
ferent values,  will  be  esteemed  as  right  lines  instead  of  arcs ;  and  that 
the  effects  of  parallax  in  right  ascension  &c.,  will  be  determined  in 
seconds  of  time  instead  of  angles  or  arc's) ;  yet,  in  order  to  assist  the 
yovni/  computer,  I  shall  place  the  M'hole  before  his  view,  in  such  a  com- 
pendious manner  as  to  save  him  the  trouble  and  confusion  of  referring 
to  tlie  former  Rule  for  many  points  of  information  that  be  will  neces- 
sarily retpiire  In  this. 
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Rule. 

22.  For  the  preliminary  steps  or  preparatory  part  of  the  operation^ 
follow  the  directions  contained  in  the  leading  part  of  the  General  Rule, 
page  546 ;  except  that,  in  this  instance,  histead  of  taking  out  the  ele- 
ments of  the  moon  to  the  nearest  second;  her  semidiameter,  horizontal 
parallax,  and  declination,  must  be  taken  out  to  decimals,  and  then  care- 
fully reduced  to  the  assumed  mean  time  of  observation  at  Greenwich. 
Let  the  moon's  reduced  semidiamcter  be  converted  into  seconds,  and, 
also,  her  horizontal  paraUax  :  to  the  logarithm  of  the  latter,  add  tlic 
logarithmic  radius  in  Table  C*  ;  the  sum,  abating  10  in  the  index,  will 
be  the  logarithm  of  the  moon's  horizontal  parallax  adapted  to  the  oblate 
spheroidal fiyure  of  the  earth. — Then, 

To  the  sine  of  the  apparent  hour  angle,  add  the  co-sine  of  the  re- 
duced latitiKle,  and  the  logarithm  of  the  adapted  horizontal  parallax  ; 
call  the  sum,  abating  20  in  the  index,  tlie  reserved  logarithm.  To  this 
add  the  secant,  less  radius,  of  the  apparent  declination,  and  the  con- 
stant logarithm  9.698970;  the  sum,  abating  10  in  the  index,  will  be 
the  logarithm  of  the  seconds  of  parallax  in  the  apparent  hour  angle ; 
which  being  raised  to  minutes  (if  more  than  ()0.')  and  then  subtracted 
from  that  angle  ;  the  result  will  be  the  moon's  corrected  hour  angle. — 
See  Article  13,  page  5^4 ;  and  the  fourth  paragraph  in  page  547. 

To  the  co-sine  of  the  moon's  corrected  hour  OiUgle,  add  the  co- sine 
of  the  reduced  latitude,  the  sine  of  the  appare^it  declination,  and  the 
logarithm  of  the  adapted  horizontal  parallax;  the  sum,  abating  30 ju 
the  index,  will  be  the  logarithm  of  the  seconds  in  the  minor  part  of  the 
parallax  in  the  moon's  declination  ;  which  is  to  have  the  same  name  as 
the  apparent  declination,  when  the  corrected  hour  angle  is  more  than 
90?  ;  but,  a  diffei^ent  name,  if  it  be  less  than  90  degrees. — See  Article 
11,  page  544  ;  and  the  fifth  paragraph  in  page  547. 

To  the  sine  of  the  reduced  latitude,  add  the  co-sine  of  the  apparent 
declination,  and  the  logarithm  of  the  adapted  horizontal  parallax ;  the 
sura,  abating  20  in  the  index,  will  be  the  logarithm  of  the  seconds  in 
the  major  part  of  the  parallax  in  the  moon's  declination  ;  which  is  to 
have  the  same  name  as  the  apparent  declination,  when  this  and  the  lati- 
tude are  both  north  or  both  soutJi;  but,  a  contrary  name,  if  one  be  north 
and  the  other  south.  Now,  the  sum  or  the  difference  of  the  minor. and 
major  parts  of  parallax,  according  as  they  may  be  of  the  same  or  of  dif- 
ferent denominations,  will  be  the  effects  of  parallax  in  the  moon's 
declination,  with  the  name  of  the  major  part.  Then,  this  being  raised 
to  minutes,  if  necessary,  and  applied  to  the  apparent  declination  by 
addition,  when  the  nanies  are  alike,  or  by  subtraction  if  unlike ;  the  sum 


*  Corref  ponding  to  the  reduo«<t  latltudei 


r>52  •  .X  AsrwoHoun 


/y* 


J^ 


A  ^,^  Jeclinatioii  of  the  moon's  centre  at  the 

i^r  ••        ^    A  '-^v^  Article  14,  page  544;  and  the  last  para- 

if  ;  ^^•^::''^j'the first  in  page  548. 

1  '    ,a,f  -^^ '  '^fiias,  of  the  correct  dcclini'ition  of    the  moon's 

, "'Vv*^'*"^  ji/rf  the  reserved  logarithm^  and  the  constant  loga- 

l^.^^'''\Z^'*  the  sum,  abating  10  in  the  index,    will  be  the 

-tf*** '"^^  kf  seconds  of  iinie  in  the  parallax  in  right   ascension; 

l^tf^**  WfUtkcn  out  to  two  places  of  decimals,  or  to  hundredths  of 

^AV*'"*^^,^/!^  prefix  the  sign  +,  when  the  moon  is  west;   but  the 

s^      *licn  i»he  is  east  of  the  meridian. — See  Article  15,  page  544, 

''^'^gfcond  paragraph  in  page  548. 

*"^  ^  jf,e  difference  between  the  correct  declination  of  the   moon's 
fljjdher  approximate  declination  at  the  assumed  Greenwich  time, 
^  d  tur"  ^'  ^"^^  seconds  : — then,  to  the  logarithms  of  the  sum  and  tlie 
jxgerence  of  this  and  the  moon's  semidiameter  in  seconds,  add  the  se- 
csn^  less  radius,  of  those  declinations,  and  the  constant  logarithm 
^,M78I8;t  half  the  sum  of  these  four  terms  will  be  the  logarithm  of 
the  seconds  in  the  semi-chord  of  the  occultation  in  Hght  asct-nsion ; 
nrhich  must  be  taken  out  to  two  places  of  decimals,  or  to  the  hmidredths 
of  a  second  : — to  this  prefix  the  sign  +  at  an  emersion,  or  the  sign  — 
at  an  immersion. — See  Article  16,  page  542,  and  the  paragraph  which 
innnetliately  precedes  Art.  1 1  in  p.  543. — See,  also,  the  third  paragraph 
in  page  548.     Now,  if  the  moon's  parallax  in  right  ascension,  and  the 
semi-chord  of  the  segment  of  the  occultation  in  right  ascension,  have 
signs   alike^  let  their  «um  he  taken ;  but,  if  vnlike,  their  difference, 
with  the  sign  of  the  greater  trrm.     Raise  this  sum,  or  difference,  as 
the  case  may  be,  to  minutes,  Sec.     Apply  these  to  the  ajiparent  right 
ascension  by  addition,  or  subtraction,  according  as  the  sign  may  be 
either  affirmative  or  negative;  and  the  result  M'ill  be  the  correct  right 
ascension  of  the  nioon*s  centre      Now,  the  moon's  correct  central  de- 
clination being  known, the  longitude  is  to  be  determined  agreeably  to  the 
instructions  given  in  the  last  paragraph,  p.  548,  and  the  first  in  p.  549. 
We  shall  now  reduce  the  above  Rule  to  practice. 

Kvautplc. 

April  .'h'd,  18*^6,  in  latitude  35°  12'  north,  and  longitude,  by  account, 
24':.*i7-  ^vcst,  the  immersion  of  a''  Libr»  behind  the  m6on  (east  of  the 
meridian)  wi\s  observed  at  9*56T52*  meantime;  required  the  longi- 
tude of  the  place  of  observation  ? 


*  The  log.  ar.  com  p.  of  1.5 ;  the  common  divisor  for  converting  motion  into  time. 
t  T>Kico  the  log.  ar.  comp.  of  15  ;  it  is  doubled,  «o  that  the  root  of  all  the  termi  majr 
rnme  out  the  log.  of  !tecond«  of  lime. 
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Mean  lime  &1  (hip  = •9*5C-52' 

Longitude  21*'37' we>t= +1.38.9B 

Anumed  tima  at  Greenwich  "     11*3S*^0' 


3fMit  r.n'.  R.  A.  at  noon  -         0M?-22'  fi7 
Equ,Tab.XLVI.toU'.15-20'=    ■H.r.4.22 


or.  R.  A  = 


3' 55-4  !•  32 


Ap|>ar.  hor.  diit.,  eait  = 

Ditto  coD*crted  into  motion,  or 

Ap.  b.  a.°    Sa°05'20"Siiie  9.932711 
Red.lat.  =        35.   1.22    Co-iine  9.913244 

Jjog.ailapltilh.p.—    3.S53631 

RcMrradlog.-    3.39Ur>86 

jtf.titt:-''    ..  15°21'26"  Secant  0.015791 


-1301"  Log.= 
-Zl'il" 


Car.h.».o..  5B°33'39"  Co  tine  9. 717331 
Red-lat.-  ..  3ii.  1.22  Co-aine  9.913244 
,4i.dec. -.■■  19.21, 2S  Sine  9.422978 
La§.at^tdh.f.-    3.a5:t631 

•Parti-  ' 


Tar.  in  b.  ■ 
Otttam.... 


..N.  404"  8    Log.-   2.(i071Bt 


lUd.lat.-  ..  3S<>  l'22"Slae  9.7SSS38 
Af.ieo.=  .■  lS.21.lii  C(v>tne9.9B42D9 
Log.  aiv«' h.  p.  =>    3.553031 

Part  2 N..  1980"1  Log.-  3.29(r.78 

Parti N..    404.8 

Sunorditto-    ..   2384"9 

Par.indec-   ..  39' 44"9  North. 
Jp.Ae<^  -  ..  15.21.26.4  SoDth. 

>  'I  cor.  Avi."  14°41'  41"5  & 
tuerrtd  logarithm  - 
Conttant  logarithm  - 


-irz-SS  Log.-  3.237938 


■^  Ubrx,  afpartml  R.  A.  -  l**41-60'll 

nnrt  ";i;;nf-rNr  Jtclin.  -       lS"2r26"  4  S. 

])  'a  nniroxitnnte  declin. '  -    14*39'  43"  3  8. 

J'arcJ.aeniiJr,  .-   16'16"  -  976" 

Diito  lioriEuntolparal.  -   59' 41"8-35B1"8 
Liiili.i,leof<hii,  =,...35''12'   0"  North.' 
Eqaatian,  Table  B  -       —10.38    North. 

Reduced  latitude  r<  35°  I' 22"  North. 
Log.  radlu*  o[  ditto  In  Table  C  >-  9. 999530 
D'ired.hor.  par. -3581*8  Log.  9.554101 


Sunt- 1334"3    Log.   3.1£aa31 

Difference  =... .       617.8    Log.    2.790848 
Conitant  logarithm  » 7 .  647818 


ji'icor.R.A.-14'37-54-C9l 
))'iR.A.atllh.I4. 36.34. 12  f 
Do.  atl2hn.14.38.51.B3  | 


Portion  of  time  -      210G'  Log.=i  3.3235lt 


Long.  In  tinte— 
which  li  the  coi 
of  obeemtion. 


l'38-14'-24''S3'8e"W. 
■ect  longltiida  of  the  plaoe 
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Note. — If  the  above  Example  be  computed  agreeably  to  the  General 
Rule,  Article  19,  page  546,  the  resulting  longitude  will  be  almost  pre- 
cisely the  same  ;  the  difference  will  not  amount  to  more  than  about  the 
twelfth  part  of  a  mile. 

22.  Should  the  mean  time  at  Greenwich,  deduced  from  calculation, 
differ  considerably  from  the  assumed  time  at  Greenwich  ;   it  will  be 
necessary  to  repeat  the  operation  for  finding  the  semi-chord  o/  the  occul- 
tation  in  right  ascension.     For  this  purpose,  the  moon's  semidiameter 
and  declination,  as  given  in  the  Nautical  Almanac,  must  be  reduced  to 
the  computed  Greenwich  time.     Find  the  difference  between  this  new 
approximate  declination  and  the  correct  declination  of  the  moon's  cen- 
tre, as  already  determined  by  computation  ;  with  winch  difference  and 
the  moon's  new  reduced  semidiameter,  re-compute  the  semi-chord  of  the 
segment'  of  the  occul tation  in  right  ascension  ;  as  directed  in  the  third 
paragraph  of  page  548,  or  the  third  in  page  554.     1'hen,  this  re-com- 
puted semi-cliord  in  right  ascension^  and  the  parallax  in  right  ascensianj 
already  found,  being  applied  to  the  apparent  right  ascension,  the  result 
will  be  the  correct  declination  of  the  moon's  centre;  from  which  a  new 
Greenwich  time  is  to  be  found ;  and  hence  the  longitude.     But,  since 
all  Her  Majesty's  sea-going  ships  are  furnished  with  chronometers,  and 
since  the  assumed  mean  time  at  Greenwich  may  be  known  thereby 
within  one  or  two  minutes  of  the  truth ;  the  elements  of  the  nioou,  pro- 
perly reduced  to  that  time,  will,  in  general,  be  -sufficiently  correct  for 
all  practical  purposes  at  sea ;  and  thus,  a  repetition  of  the  above-named 
operation  will  be  very  rarely  called  for ;  provided  that  due  care  be  taken 
in  the  rigid  performance  of  the  different  calculations.     Here  it  may  be 
right  to  observe,  that  an  error  of  a  few  minutes  of  a  degree  in  the 
apparent  hour  angle  will  not  sensibly  affect  any  of  the  resulting  ele- 
ments of  the  occultation. 

23.  Smce  the  moon's  daily  motion  in  her  orbit  is  at  the  mean  rate 
of  13?10^35^02;  therefore,  her  mean  hourly  motion  is  32:66C46.— 
and  since  the  sun's  daily  mean  motion  is  59!8''33,  its  hourly  motion 
is  2^27''85.— Then,  32:56M6-2^27''85=30:28r6I,  is  the  relative 
mean  motion  of  the  moon  in  one  hour ;  which,  in  right  ascension, 
amounts  to  2'ri;907=12l!907.— Now,  as  121  !907  are  to  one  hour, 
or  3600  seconds  t)f  mean  time,  so  is  1 !  of  right  ascension  to  29! 53  of 
time ;  which,  therefore,  is  the  correct  value,  in  mean  timej  of  one 
second  in  the  moon's  right  ascension.  And  hence  it  is  manifest,  that 
an  error  of  one  second  in  the  computed  right  ascension  of  the  moon's 
centre  would  produpe,  at  a  mean  rate,  an  error  of  about  29^  seconds 
in  the  mean  time  at  Greenwich^  or  an  error  of  7 '22''  iu  the  lougitode 
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of  the  place  of  observation. — ^This  is  exactly  on  the  principle  of  an 
error  in  the  method  of  determiniHg  the  longitude  by  the  lunar  observa- 
tions .'--for,  since  an  error  of  one  minute  in  a  lunar  distance  would 
aflFect  the  longitude  to  the  value  of  29. 53  miles  (see  Remark  8,  page 
499) ;  therefore,  an  error  of  15  seconds  in  a  lunar  distance  would  pro- 
duce an  error  of  7-22''  in  the-  longitude  :  for  15  seconds,  or  a  quarter 
of  a  minutey  in  distance  is  precisely  the  same  as  one  second  in  right 
ascension. 


Problem  XVI. 

To  deduce  the  Lonffitude  from  an  Eclipse  of  the  Sun,  or  from  an  OccuU 

ration  of  a  Planet  by  the  Moon. 

Were  it  not  for  the  horizontal  parallax  and  the  semidiameter  of  the 
sun,  the  deduction  of  tlie  longitude  from  a  solar  eclipse  would  be  pre- 
cisely the  same  as  that  from  a  stellar  occultation  : — but,  in  conse- 
quence of  those  two  elements,  Ihe  preliminarp  parts  of-  the  operation 
differ  a  little  frpm  the  same  parts  in  relation  to  a  fixed  star ;  and  this 
I  shall  endeavour  to  explain,  so  as  to  render  the  whole  subject  per- 
fectly familiar  to  the  reader. 

At  the  moment  of  an  external  contact  of  the  limbs  of  the  sun  and 
moon,  both  objects  appear  to  be  placed  at  the  6ame  distance  from  the 
earth  ;  though,  at  the  same  time,  the  sun  is  iictutt\\y  four  hundred  times 
farther  off  than  ihe  moon  is ;  and,  therefore,  the  sun's  semidiameter,  as 
seen  from  the  surface  of  the  earth,  must  be  reduced  to  what  it  would 
appear  if  seen,  at  the  same  moment,  from  the  earth's  centre,  so  as  to 
adapt  it  to  that  of  the  moon,  whfch  is  always  adapted  .to  the  centre. 

Now,  let  the  sun  be  in  the  zenith,  and  let  it  be  vertical  to  two  ob- 
servers,  the  one  placed  at  the  centre,  and  the  other  on  the  surface,  of  the 
earth  :  then,  it  will  appear  manifest,  that  the  sun  must  be  farther  from 
the  observer  at  the  centre  than  from  the  one. at  the  surface,  by  the  full 
measure  of  the  earth's  semidiaineter.  And  since  the  angle  under 
which  an  object  is  seen,  diminishes  in  proportion  to  the  increase  of  its 
distance  from  the  eye  of  an  observer ;  therefore,  the  semidiameter  of 
the  sun  will  appear  under  a  smaller  angle  to  an  observer  at  the  earth's 
centre  than  to  one  on  its  surface. 

Now,  since  the  moon's  mean  distance  from  the  earth  is  236(592 
milcs^  and  since  the  sun's  distance*  (supposed  in  this  instance  to  be 


*  The  ion's  mfon  distance  from  the  earth  ii  94546196  English  miles. 
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the  same  as  the  moon's)  is  equal  to  the  moon's  mean  distance  increased 
by  the  earth's  semidiameter,  viz.,  236692 -f  3059^240651  English 
miles ;  therefore,  if  the  sun's  mean  semidiameter  be  taken  at  16'2T, 
as  seen  from  the  earth's  surface,  its  value  at  the  centre  of  the  earth 
will  be  as  the  ratio  of  those  distances  :-^  hence,  by  logarithms 

As  the  sun*s  appar.  di8tance=  240651  miles,  Log. ar.comp.=s4. 618613 
Is  to  the  moon's  real  distance =236692  miles,  Logarithm=  5. 374184 
Soisthesun'strue8emidiam.=  16'  2" — Log.  sine  ==     .     .     7-668748 


To  sun's  semi,  at  earth's  cen.=z  15  '46'' — Log.  sine  =     .     .     7-  661544 


Difference  =:r 0M6 


H 


Thus,  it  appears  manifest  that,  under  the  optical  illusion  arising 
from  our  not  being  able  to  see  very  remote  objects  in  their  true  places, 
the  diminution  of  the  sun's  semidiameter,  seen  from  the  centre  of  the 
earth  and  at  the  apparent  distance  of  the  moon,  and  in  the  zenith  of 
an  observer  on  the  earth's  surface,  amounts  to  16  seconds  of  a  degree. 

Now,  the  diminution  of  the  semidiameter  at  the  zenith  being  known, 
that  corresponding  to  any  degree  of  elevation  above  the  horizon  will 
be  as  the  vertical  or  zenith  diminution  multiplied  by  the  sine  of  the 
apparent  altitude,  as  thus: — Let  the  sun's  apparent  altitude  be  40 
degrees  ; — ^tlien,  the 

Diminution  at  the  zenith  =     16  seconds — Logarithm  =±i       1.204120 
Sun's  apparent  altitude  =        40? —  .     .     Log.  sine    =       9. 


Diminution  of  sun's  semidiameter  =  10  seconds — Log.=:    .     1.012188 

But,  as  the  diminution  lof  the  sun's  semidiameter  is  the  converse  of 
^^  the  augmentation  of  the  moon's  semidiameter^"  which  is  geometri- 
cally illustrated  in  page  9,  and  as  the  real  value  of  that  augmentation 
is  given  in  Table  IV. ;  if,  therefore,  Ibat  table  be  entered  with  the 
sun's  semidiameter  at  top,  and  its  altitude  (the  observed  altitude  will 
answer)  in  the  side  column,  in  the  angle  of  meeting  will  be  found  the 
required  diminution ;  which,  being  subtracted  from  the  sun's  semi- 
diameter, as  given  in  the  Nautical  Almanac,  will  reduce  it  to  what  it 
would  appear  if  seen  from  the  centre  of  the  earth  and  at  the  distance 
of  the  moon. 

Having  thus  established  the  necessity  of  diminishing  the  sun's  semi- 
diameter, we  must  now  proceed  to  the  preparatory  parts  of  the  opera- 
tion for  determining  the  longitude  by  an  eclipse  of  the  sua. 
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To  the  ftss«iined  mean  time  at  Greenwich  (found  as  directed  in 
Article  19,  page  546)  reduce  the  true  sun's  right  ascension  and  decli- 
nation I  and,  also,  the  equation  of  time,  as  given  in  the  first,  second, . 
and  fourth  elementary  columns  of  page  II.  of  the  month  in  the  Nautical 
Almanac  : — those  reductions,  particularly  of  the  sun's  right  ascension, 
must  be  made  to  the  greatest  exactness. 

To  the  mean  time  of  observation  apply  the  reduced  equation  of  timej 
according  to  its  sign,  and  the  result  will  be  the  apparent  horary  dis- 
tance ;  which,  being  converted  into  degrees,  will  be  the  apparent  hour 
angle. 

To  the  assumed  time  at  Greenwich  reduce  the  moon's  semidiameter, 
horizontal  parallax,  and  declination.  To  the  sun's  semidiameter,  di- 
mimshed  by  the  equatian  in  Table  IV.,  as  directed  above,  add  the  moon's 
true  semidiameter  ;*  the  sum  will  be  the  apparent  central  distance  of 
the  objects,  which  call  the  semidiameter  for  calculation. — From  the 
moon's  horizontal  parallax  subtract  that  of  the  sun;  the  remainder 
will  be  the  moon's  diminished  horizontal  parallax.  From  the  given 
latitude  subtract  the  equation  in  Table  B,  the  result  will  be  the  geo- 
centric, or  reduced  latitude :  to  the  logarithmic  radius  corresponding 
to  this  in  Table  C,  add  the  log.  sine  of  the  moon's  diminished  hori- 
zontal parallax ;  the  sitm,  abating  10  in  the  index,  will  be  the  log.  sine 
of  the  moon's  diminished  horizontal  parallax  adapted  to  the  oblate 
spheroidal  figure  of  the  earth. 

Now,  having  duly  corrected  and  arranged  all  the  necessary  elements, 
the  right  ascension  of  the  moon's  centre  is  to  be  deduced  therefrom, 
and  hence  the  longitude  of  the  place  of  observation,  in  the  same  man- 
ner as  if  it  were  the  occultation  of  a  fixed  star  that  were  under  con- 
sideration. The  computation  may  be  performed  agreeably  to  the  in- 
structions contained  between  the  fourth  paragraph  in  page  547,  &nd  the 
last  in  page  548,  or  in  conformity  with  those  given  between  the  second 
paragraph  in  page  553,  and  the  second  in  page  554,  according  to  the 
fancy  of  the  computer. 

Exdrrqile. 

May  15th,  1836,  in  latitude  55?57'20r  north,  and  longitude,  by  ac- 
count,  3''11^   west,  the  termination,  or  ending ^  of  a  solar  eclipse  was 
observed  at  4M9T20!  mean  time.     The  altitude  of  the  sun  was  about 
29?3'  ;  required  the  true  longitude  of  the  place  of  observation  ? 
-  We  shall  work  this  Example  by  the  General  Rule,  Article  19. 


^  See  Article  17,  page  546. 
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Mean  time  of  observation  « . .     4^1 9"*20' 
Longitude  3^1  T  west,  in  time  »   +12.44 


Assumed  time  at  Greenwich  =    4*32"*  4 


7Vti«  sun's  corrected  right  ascension,  or 
Apparent  right  ascension  «      3* 29"'46'  77 
True  sun*8  corrected  decl.,  or 
^/iiparfa/ declination »  ....  18^59' 13''d  N. 


Sun's  semifUameter s    15'  49''9 

Diminution  of  do.,  Table  IV. »       —8.0 


O  'i  diminished  semidiaro. »       15'  4  r'9 
})  *8  reduced  seroidiameter  -       14.49.1 


Semidiameter  for  calcula. 


30'31"0 


Mean  time  of  observation  «     4*1 9'"20'   0 
Equation  of  time  corrected  -»      +  3 .  55 .  90 


Appar.  hor.  distance,  tretl==    4*23"'15'90 
Ditto  converted  into  motion,  or 
Ap.  h.  a.«  . .   r5''48'  SSySine        9. 9fi0107 
Red.  lat.=  ..  55.46.52    Cosine  9.750012 
Log.  8.  h.  p.=: 8. 19091^8 


Reserved  logarithm  «    

Ap.dec,'^..   18059' U'Secant 
Constant  logarithm  »    


7.907117 
0.02429G 
9.698970 


Par.  in  h.  a.-    -14'41"  Sine=     7.(30383 


Cor.  h.  a.-..  65°34' 17§"Co-sine  9.61653G 
Red.  lat.»  ..  55.46.52  Cosine  9.750012 
Ap.Aec.^  ..18.59.14  Sine  9.512361 
Log.  s.  h.  p.^ 8. 196998 


Partly    .,..     S.4'    6"  Sine  =    7.075907 


Red.  lat.«..  55*>46'5i  '  Si..e  9.fll7i5l 
Ap^dec,^  ..  18.59.14  Co-sine  9.975704 
Log.  s.  b.  p.  s 8.  li;C9iJ8 


Part  2  =  ....   N.  42' 19"  Sinc= 
Part  1  = S.      4.   6 


8.090153 


Par.  in  dec.=»        38'  13  '  North. 
Ap.  dec.  a  . .    18. 59. 14     North. 


}>  'scor.dcc.  =  19«'37'  27"  Secant    0. 025988 
RcscrveJ  logarithm  =    7.907117 


Par.  R.A.=  ..    +29'28"  Sine=     7.933105 


D  '8  reduced  horizontal  pftrallax 
0*8  horizontal  parallax^ 


54'2r7 
-8.5 


>  's  dirainiabed  hor.  par. »  . . . .       54'  14''2 

I)  's  approximate  declitiationsl9''46'40''N. 

LaUtude  of  the  place- 55«>57'  201?. 

EquaUon,  Table  Be —  10.28    ' 


Reduced  latitudes    ,..  .*i5*»46' 52'TJ. 

Log.  radius  of  do.,  in  Titble  C  =     9 .  999024 
D's  dimiu.hor.  par.54'14''Si9e»8.197974 


Log.  sine  of  })*8  dim.  hor.  par.»  8.196998; 

adapted  to  the  oblate  figure  of  the  earth. 
y>  *a  cor.  dec.  =  . .  19<»37'  2r'Sec.  0 .  025988 
Apx.  d.ai       19.36.40  Sec.  0.026405 


Difference 


/  lO'/ 


9' 13 


Semidia.  forcalcu.=>  30.31 


Sum  of  ditto  « 39'  44"Sine  8 .  062871 

Differences     ...•     21. 18  Sine  7.792103 


Sum«     15.907367 


Semichord=     ..     +30'54''Sine  7.95368S} 
Par.  R.A.=  ....      •^ 29.28 


Sum«   +60'22" 


Ditto  in  time-  ..      +4-  1M7* 
4;;.  R.  A.=   ....     3.29.46.77 


})  's  cor.  R.  A.  -      3*  33,48*  24  i  _ .       - 
J>  *«R.  A.at4  hours  =  3 .  32 .  43. 62  J 

Ditto  at  5  hours-  3.34.44.60  }  —2.0.98 


First  diff.  =  1«4'  62= W  62— Log.  1 .  810367 
Constant  logarithm s 3.555303 


Sum»     5.366670 
Last  diff.«2«0,98«120'98— Log.  2.082714 


Portion  of  time  =  ..   1923«— Log.  3.283956 

Greenwich  time  =4^32.  3, 
Ti  at  given  place  »  4 .  19 .  20 


Long,  in  time-  0*  12«43'  =3^10'45"W>Jt; 
which  is  the  true  longitude  of  the  pUcc  of 
observation. 


*  See  Tabic  of  Conversions,  page  552. 


•  ft 
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Note. — If  the  above  Example  be  computed  according  to  the  most 
rigorous  mode  of  calculation,  as  in  Article  22,  page  553,  the  moon's 
right  ascension  will  come  out  3^33T48!2,  which  differs  but  the  one 
hundredth  part  of  a  second  from  the  above  ;  and,  hence  it  is  manifest 
that  the  familiar  method,  by  means  of  the  logarithmic  sines,  comes  as 
near  to  the  truth  as  the  or^nary  purposes  of  navigation  require. 

By  computing,  agreeably  to  the  General  Rule^  m  Article  19,  page 
546,  the  young  navigator  is  saved  the  trouble  of  finding  the  natural 
number,  corresponding  to  a  given  logarithm,  to  four  places  of  integers^ 
and  two  of  decimalSf  and  he  is  also  saved  the  trouble  of  raising  the 
seconds  to  minutes,  &c.  But,  when  rigid  exactness  becomes  indispen- 
sably necessary,  as  in  the  case  of  settling  the  geographical  positions  of 
places  on  shore,  or  in  finding  the  error  of  a  chronometer,  the  Rule  in 
Article  22,  page  653,  should  have  the  preference. 


Tlie  longitude  may  be  deduced  in  a  similar  manner  from  an  occulta* 
tion  of  a  planet  by  the  moon.  But,  as  the  planets  have  both  semi- 
diameters  and  parallaxes,  therefore,  the  sum  of  the  semidiameters  of 
the  moon  and  planet  is  to  be  taken  at  an  external  contact,  or  their 
difference  at  an  internal  contact : — this  sum,  or  difference,  as  the  case 
may  be^  is  to  be  considered  as  the  semidiameter  for  calculation. 

Tlie  horizontal  parallax  of  the  planet  is  always  to  be  subtracted  from 
that  of  the  moon,  and  the  remainder  to  be  esteemed  as  the  horizontal 
parallax  for  calculation. 

But,  since  the  logarithmical  part  of  the  operation  is  precisely  the 
same  as  that  for  a  fixed  star,  or  the  sun,  as  shown  in  pages  551,  555^ 
and  560 ;  it  is,  therefore,  presumed  that  any  illustration  thereof  by  an 
example  would  be  quite  superfluous. 


Remarks  relative  to  the  Contacts  of  the  Planets  at  the  time  of  an  OccuU 
iation  ';  and  to  the  application  of  their  Semidiameters  to  that  of  the 
Moon. 

1.  Since  the  disc  of  Mars  may  always  be  considered  as  being  nearly 
/«//,  the  observation  of  its  immersion  or  emersion^  may  be  made  at  the 
moment  of  tlie  external,  or  internal  contact  of  either  limb  of  th^t 

o  o 
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planet  with  the  moon,  the  same  as  if  it  were  Jupiter  or  Sfttutn,  ac- 
cording as  it  may  suit  the  convenience  of  the  obeenrer.  Bui,  it  miiat 
be  borne  in  mind,  that  each  of  the  above-named  planets  is  auaceptibit 
of  two  contacts  on  the  same  limb  of  the  moon,  viz.,  an  external  and 
an  internal  contact  on  the  east  limb,  and  an  internal  and  an  external 
contact  on  the  west  limb  of  the  moon.  The  external  contact  on  the 
east  side  of  the  moon  takes  place  the  instant  that  the  moon's  eastern 
limb  appears  to  touch  the  west  limb  of  the  planet ;  tlie  internal  con- 
tact, on  tlie  same  side,  takes  place  the  mpu^ent  that  the  east  limb  of 
the  planet  touches  the  east  limb  of  the  moon ;  at  which  moment  the 
disc  of  the  planet  will  be  immersed  behind  the  body  of  the  moon.  The 
converse  of  this  takes  place  on  the  west  limb  of  the  moon ;  that  is,  the 
internal  contact  takes  place  the  moment  that  the  west  limb  of  the 
planet  appears  to  emerge. from  behind  the  west  limb  of  the  moon; 
and  the  external  contact,  the  moment  that  the  planet's  eastern  limit 
is  about  to  be  separated  from  the  moon's  west  limb. — Hence,  it  is 
manifest  that,  at  an  external  contact,  it  is  the  sum  of  the  semidiametera 
that  expresses  the  apparent  central  distance  between  the  objects  ;  but, 
at  an  internal  contact,  as  the  body  of  the  planet  is  behind  the  moon, 
it  is  the  difference  of  their  semidiameters  that  will  express  the  apparent 
central  distance,  or  the  value  of  the  semidiameter  for  calculation  : — this 
is  general  for  Mars,  Jupiter,  and  Saturn. 

2.  Since  the  disc  of  Venus  is  never  seen  /kill,  or  never  forms  a  com- 
plete circle ;  it  will  be  advisable  to  make  use  of  a  little  precaution  in 
observing  the  moment  of  an  external  or  of  an  internal  contact : — An 
thus,  when  Venus  is  an  evening  */ar;  that  is,  when  her  longitude  is 
greater  than  the  sun's,  it  is  her  western  limb  that  will  be  enlightened 
In  this  case  the  external  conttict  will  take  place  betwixt  the  nearest 
limbs  of  the  objects,  which  is  to  be  noted  the  instant  that  the  western 
limb  of  Venus  touches  the  moon's  eastern  limb ;  and  the  internal  con- 
tact, the  moment  that  the  same  limb  appears  from  behind  the  moon's 
western  limb.     The  converse  of  this  ta;kes  place  when  Venus  is  a 
morning  star  ;  that  is,  when  her  longitude  is  less  than  the  sun's ;  be- 
cause, then,  it  is  her  eastern  limb  that  will  be  illuminated : — in  this 
case,  it  is  the  internal  contact  of  the  planet's /ar/Ae*/  or  east  limb  that 
is  to  be  noted  (which  amounts  to  an  immersion  of  her  whole  disc) ; 
and  the  external  contact  of  the  same  limb  at  the  precise  moment  of  its 
appearing  to  emerge  from  behind  the  body  of  the  moon.     At  an  ex- 
ternal contact,  the  sum  of  the  semidiameters  is  to  be  taken  ;  but,  at  an 
internal  contact,  the  difference  of  the  senaidiameters : — in  either  case, 
the  result  will  express  the  apparent  cenfeal  distance,  or  the  semidia' 
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mei§r  fmr  ealeulaiimif  with  which^  aiid  the  kariz(mial  pwalUuifw  eaU 
culatUmt  proceed  us  if  ft  were  a  fixed  star  that  were  under  consi- 
deration. 


Since  writing  the  two  laat  Problemaj  a  friend  has  kindly  supplied 
me  with  a  copjr  of  the  Nautical  Almanac  for  1837^  in  the  Afpendias  to 
which  I  perceive  that  Mr.  W.  S.  B.  Woolbouse  has  tum^  his  atten- 
tion to  **  the  detenninatiop  of  the  longitude  from  m  ohfienred  fK>lar 
eclipse  or  an  oecultation.'* — ^As  I  am,  in  common  with  all  loFers  of 
astronomy,  already  much  hidebted  to  the  writings  of  that  learned  gen- 
tlenum  for  a  great  deal  of  valuable  information  relative  to  ecUp9e9  (see 
^'  Appendix  to  the  Ephemeris  for  1836 '') ;  I  shall  add  another  Unk 
to  the  chain  of  obligation,  by  making  use  of  one  of  hji^  examples  (given 
in  page  181  of  the  Jppendkv),  for  the  purpose  of  showing  with  what 
numifest  ease  and  concieeness  the  longitude  may  be  determined  by  either 
of  my  methods  of  calculation. 


Exanyle. 

Suppose,  at  Bedford,  on  January  7tb,  1896,  in  latitude  52?8:28? 
north,  and  longitude  by  account  0?28^  west,  the  immersion  of  t  Leonis 
to  be  observed  at  10^39*23!  4,  apparent  time  5  required  the  true 
longitude  ? 

« 

Since  the  apparent  time  of  observation  was  10^39^2  M,  the  mea» 
time  was  10?^?&3!3 : — the  moment  of  an  immersion^  or  an  emer- 
sion^ should  be  always  noted  in  mean  time,  and  not  in  apparent 
time. 
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Mean  time  of  obflenration«  ..  10^45*53'  3 
Long.,  of  Bedford,  in  time^ . .      +  15'"2'   0 

Aisumed  time  at  Greenwich  s  10^47*45'  3 


Hmh  8an*a  R.  A.  at  noon»  . .  19*  4"22'  41 
Equation,  T^leXLVL^....     +  1.46.40 


llMti8un*t  correct  R.  A. »   ..  19*  6*  8'dl 
Mean  time  of  obeervation  a . .  10. 45 . 53 .  3 


R.  A.  of  the  meridian=>    ....     5*52"  2' 11 
AjppareHt  IL  A,=    10.23.26.39 


Apparent  bor.  dist.,  eat/  »    . .     4*31*24'  28 
Ditto  converted  into  motion,  or 
Ap.h.tL.'^   ..  67<»51'  4"Sine        9.966708 
Rcdlat.«     ..  51.57.^32  Co-sine  9.789741 
Log.  a(i^M  h.  p.  s    3.525708 


Reserved  logarithm  s 3.282157 

i4jp.  dec.=  ....  14(^58' 39''Secant    0.015010 
Constant  logarithm- 9. 698970 


Par.  in  h.  a. »  . .        991'  Log.s    2 .  996137 


Ditto  < 


f  nyff 


-16' 31 


Cor.  h.a.a  ..  67034' 33' Co-sine  9.581449 
Red.lat.s  ..  51.57.32  Co-sine  9.789741 
iljp.deca  ..  14.58.39  Sine  9.412359 
Log.  adapted  h.  p. »    3.525708 


Partl»   ........  S.  203"8  Log.  2. 309257 


Red.lat.»....  51°57' 32"Sine  9.896288 
i4jp.dec.B  ....  14.58.39  Co-sine  9.984990 
Log.  adapted  h.  p. e=     3.525708 


Part  2  =- N.  2552^6  Log.=3 .  406986 

Partl= S.    203.8 


Differences  ..        2348''8  North. 


Par.indec.«..      39'   8"8  North. 
^/i.dec.=  ....  14.58.38.8  North. 


}) 's  cor.  dec.  =  15037'47"6  Sec.    0.016364 


Reserved  logarithm 
Constant  logarithm  •■ 


3.282157 
8. 823909 


Par.R.  A.»....  -132*56  Log.=2. 122430 


t  LeoniB,i99NirailR.A. «  lO^Sa-'Sfi'^ 

And  «|;»par0»/deGlination  »  14<>58'  38''  8N. 

])'8  approximate  declin.<=^  15?49'34"    N. 
})  '8  red.  8emidiameter=15'  16"2  =  916"  2 

})  *8  red.  hor.  par.»  .... 56'  2" ^3362^ 

Latitude  of  the  places  ....  52^  r  28''    N. 

Equation,  Table  B» —10.56 


Reduced  latitude  « bV^bV  32"  N. 

Log.  radius  of  ditto.  Table  Cs . .  9.999110 
})'s  hor.  parallax  3362".... Log.  3.526598 


Log.  of  D's  hor.  parallax s    .•••  3.525708; 
oi^M  to  the  oblate  figure  of  the  earth. 

^'s  oor.  decBl5°37'47"6Secank  0.016364 
Apx.d.»  ....  15. 49. 34. OSecant  0.016782 


Difference^..      11'46''4 


Ditto  in  seconds^     706"4Co-log.  7. 647818 
V%  semidiaroetcre  916.2 


Sums 1622"6Log.    3.210211 

Difference-   ....     209.8  lK>g.    2.321806 


Sam-  3.212981 


Semichord«  '..  -  40*41  Log.  1.6064904 
Par.R.  A......  -132.56 


Sum-  -172*97 


Do.  raised  to  mi. »  2*52*  97 
^jp.  R.A.=     10*  23-26' 39 


})'«cor.R.A.=10*20-33,42  }     i«o-taA 
3)'sR.A4rtl0h.l0.18.55.52  J""*  •*'  ^ 

Do4itll hours  10.20.58.47 1  -2.  2.95 

First  diff.=l*37' 90=97' 90  Log.  1.990783 
Constant  logarithms 3. 556303 


Sums     5.547086 
Lastdiff.s  2^' 95=122* 95  Log.  2.089728 


Portion  of  time=       2866.5  Log.  3.457358 


Green  w.  timecs  10  &4  7*4  6, 5 
Time  of  obs.  =  10.45.53.3 


Longitude,  in  time=  1.53'  2=0^8'  18^'W. 


Bciwor*.— The  Greenwich  time  thus  found,  differs  lf2  from  the 
time  as  determined  in  page  182  of  the  Appendix  to  the  Nautical  Al- 
manac for  1837 :— tl^is  difference  is  owing  to  the  moon's  homrly  motion 
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in  declination  having  been  taken  in  the  Appendix^  last  line,  page  181^ 
iis  11 '.41  ^'5  instead.of  11'39T1 : — as  thus, — the  occultation  took  place 
between  the  hours  of  10  and  1 1 ;  at  the  former  hour  the  moon's  de- 
clination was  15?68'.50ri,  and  at  the  latter  15?47'  IKO ;  the  difference 
of  these  is  ll'39''l  ;  which,  therefore,  is  the  true  variation  of  the 
moon's  declination  during  the  intervening  hour :  and,  if  this  hourly 
motion  be  made  use  of  in  that  part  of  the  calculation  which  stands  in 
the  right  hand  compartment  of  page  182  of  the  Appendix,  it  will  cause 
i\iQ  final  correction  to  amount  to  19"43!73  instead  of  19T44J ;  and  thus 
the  mean  time  at  Greenwich  will  be  10M7"46f2,  being  in  almost 
perfect  accordance  with  the  mean  time  at  Greenwich,  found  as  above. 
Having  thus  shown  with  what  evident  facility  the  longitude  may 
be  deduced  from  an  occultation,  by  adopting  the  familiar  modes  of 
calculation  laid  down  in  pages  546  and  553,  I  shall  now  close  this 
subject  by  recommending  the  young  navigator  to  turn  back  and  give 
the  Articles  between  pages  537  and  546  another  patient  peruiol. 


SOLUTION  OF  PROBLEMS  RELATIVE  TO  THE  VARIATION 

OF  THE  COMPASS, 

Definitions. 

1 .  Tlie  variation  of  the  compass  is  the  deviation  of  the  points  of  the 
mariner's  compass  from  the  corresponding  points  of  the  horizon,  and 
is  denominated  cast  or  west  variation  accordingly. 

2.  East  variation  is,  when  the  north  point  of  the  compass  is  to  the 
eastward  of  the  true  north  point  of  the  horizon ;  west  variation  is,  when 
the  north  point  of  the  compass  is  to  the  westward  of  the  true  north 
point  of  the  horizon. 

The  variation  of  the  compass  may  be  found  by  various  methods,  such 
as  amplitudes,  azimuths,  transits,  equal  altitudes,  rising  and  setting  of 
the  celestial  objects,  &c. 

3.  The  true  amplitude  of  any  celestial  object  is,  an  arch  of  the  hori- 
zon intercepted  between  the  true  east  or  west  point  thereof,  and  the 
object's  centre  at  the  time  of  its  rising  or  setting. 

4.  The  magnetic  amplitude  of  an  object  is,  the  arch  of  the  horizon 
that  is  intercepted  between  its  centre,  and  the  east  or  west  point  of 
the  compass,  at  the  time  of  its  rising  or  setting ;  or,  it  is  the  compass 
bearing  of  the  object  when  in  the  horizon  of  the  eastern  or  western 
hemisphere. 
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The  trne  amplitude  of  a  celestial  object  is  foand  hj  calcnhlio*!  Mi 
the  magneUc  amplitude  is  found  by  an  aasioauth  compasfl. 

5.  The  true  azhnulh  of  a  celestial  object  is^  the  angle  coDtaineAk' 
tween  the  true  meridian  and  the  vertical  circle  passing  througli  tk 
object's  centre. 

6.  The  magnetic  azimuth  is,  the  angle  contained  between  fhenufnelk 
meridian  and  the  azimuth,  or  vertical  circle  passing  throngh  the  cortic 
of  the  object ;  or,  in  other  words,  it  is  the  compass  bearing  of  tk 
object,  at  any  given  elevation  above  the  horizon. 

The  true  azimuth  of  a  celestial  object  is  found  by  calculation;  ml 
the  magnetic  azimuth  by  an  azimuth  compass. 


Problem  I. 

Given  the  Latitude  of  a  placCy  the  Sun's  Declination,  and  his  Mojpkik 
Amplitude ;  to  find  the  true  Amplitude,  and  tlie  Variation  of  tk 
Compass. 

The  computation  of  an  amplitude  is  involved  in  a  right  angled  splie- 
rical  triangle,  the  principles  of  which  may  be  familiarly  illustrated; 
as  thus : — 

In  the  annexed  diagram  let 
(^  H  be  an  arc  of  the  horizon 
equal  to  90  degrees,  in  which 
the  point  <r  represents  the 
prime  vertical,  or  the  true 
east,  or  west,  point  of  the  ho- 
rizon. Let  P  represent  the 
elevated  pole  of  the  heavens, 
and  H  P  an  arc  of  the  meri- 
dian equal  to  the  latitude  of 
the  place  of  observation  :  and, 
let  P  S  be  the  polar  distance  of  a  celestial  object,  and  S  the  point  of 
the  horizon  iil  which  it  rises  or  sets  :  then,  the  arc  vS  represeats  the 
true  amplitude,  and  the  arc  S  H  W\q  complement  of  the  amplitude  of 
the  celestial  object  at  the  moment  of  its  rising  or  setting. — Now,  in 
the  right  angled  spherical  triangle  P  H  S,  given  the  leg  H  P=  the 
latitude,  and  the  hypothenuse  PS =the  polar  distance  of  tlie  object; 
to  find  the  leg  H  S=the  complement  of  the  true  amplitude  j  which  leg 
is  to  be  found  by  spherical  trigonometry,. Problem  I.,  page  184,  reading 
H  S  for  B  C  in  the  operation  fer  finding  the  leg  in  the  upper  part  of 


OF   FINDING  THE   VARIATICW   OF  THE   COMPASS.  667 

page  185  r— then^  H  S  being  found,  its  difffrence  to  90  degrees^ihc 
arc  V  S  will  b^  the  true  amplitude  of  the  celestial  object. 

■ 

Ea^ample. 

m 

Let  the  latitude  of  a  ship,  or  place,  be  48?50^  north,  and  the  declina- 
tion of  a  celeiitial  object  20?7-5^  north;  required  the  true  amplitude 
of  the  object  ? 

Latitude  of  the  ship,  of  leg  H  P=48?50:  OrL.co-si.ar.comp.  0. 181608 
Polar  distance,  or  hypothenuse=69.  «W.  55  Log.  co-sine    ,    9. 536502 


Co-amplitude,  or  leg  FI  S=     .     58?29: 53rLog.  co-sine  =     9. 7181 10 


True  amplitude,  or  arc tS=  .     31?30!  7'';  as  required. 

Now,  since  the  loff.  sine  of  the  declination  is  the  same  as  the  log. 
co-sine  of  the  polar  distance,  and  the  log.  sine  of  the  true  amplitude 
the  same  fts  th^  log.  co-sine  of  the  co-amplitude;  therefore,  if  the  sine 
of  the  declination  be  added  to  the  secant  of  the  latitude^  the  sum  will 
be  the  sine  of  the  true  amplitude  : — and  hence  the  following 

Rule. 

• 

Reduce  the  mean  time  of  the  sun's  rising  or  setting  to  the  meridian 
of  Greenwich,  by  Problem  III.,  page  342  ;  to  which  time  let  the  sun's 
declination  at  noon  of  the  given  day  be  reduced,  by  Problem  XIV., 
page  357.  Then,  to  the  logarithmic  secant  of  the  latitude,  add  the 
logarithmic  sine  of  the  siln's  reduced  declination  ;  and  the  sum,  abating 
10  in  the  index,  will  be  the  logarithmic  sine  of  the  true  amplitude, — 
to  be- reckoned  north  or  .south  of  the  true  cast  or  west  point  of  the 
horizon,  according  to  the  name  of  the  declination.  Now,  if  the  true 
amplitude,  thus  found,  and  the  magnetic  amplitude,  observed  per  azi- 
muth corajyass,  be  ibfoth  north  or  both  south,  their  difference  is  the 
variation  ;  but  if  one  be  north  and  the  other  south,  their  sum  is  the 
variation  : — and  to  know  whether  it  be  east  or  west,  let  the  observer 
look  directly  towards  that  point  of  the  compass  representing  the  true 
amplitude ;  then,  if  the  magnetic  amplitude  be  to  the  left  hand  of  this, 
the  variation  is  easterly;  but  if  to  the  riff ht hand,  it  is  westerly. 

Example  1. 

May  20th,  1836,  in  latitude  48 ?L0^  north,  and  longitude  6?30^  west, 
at  aiott/7*40"  mean  time,  the  sun  was  observed  to  set  W.  56?42'  N.  j 
required  the  variation  of  the  compass  ? 
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Mean  time  of  observation  =  7*40" 
Long.  6?30:  W.,  in  tirae=   +  26 


Greenwich  time=  .    .    .     8t  6? 


Sun's  decl.  at  noou= 
Correction  for  8t6T= 


20?2C57^N. 

+4.  8 


Sun's  true  declin.=     20?7:  SrN, 


Latitude  of  the  ship,  or  placc=48?50^  01  Log.  secant     .     10. 181608 
Suu*s  reduced  declination  =  .    20.   7*   5    Log.  sine        •       9.596502 


Sun's  true  amplitudc=  .     W.  31?30^  71  N.  L<^.  sine  =     9.718110 
Magnetic  amplitude=    .     W.  56. 42.   0    N, 


Variation  of  the  compass  =        25?  1 1  '53 f  ;  which  is  wesi,  because  the 
magnetic  amplitude  is  to  the  right  hand  of  the  true  amplitude. 

Example  2. 

July  10th,  1836,  in  latitude  18M0:  north,  and  longitude  73?45: 
'.vest,  at  about  17*34?  mean  time,  the  sun  was  observed  to  rise 
£•  30?  12'  N. ;  required  the  variation  of  the  compass  ? 


Mean  time  of  obs.  =  17*34? 

Long.73?45:W.,inti.=   +4.55 


Greenwich  time  =      .     .  22*29? 


Sun's  dec.  at  noon=22?  13:43?  N. 
Cor.  for  22*29?  =        -7.22 


Sun's  true  declin.  =221  6?21  f  N. 


Latitude  ofthc  ship  or  place=  18? 40;  Or      Log.  secant  =  10.023468 
Sun's  reduced  declination  =     22?  6' 21?      Log.  sine  =        9.575556 


Sun's  true  amplitude  =     .  E.  23?24'.  15?N.  Log.  siue  =     .  9. 599024 
Magnetic  amplitude  =       .  E.  30. 12.   0  N. 


Variation  of  the  compass  =         6?47M5?  ;  which  is  east,  because  the 
magnetic  amplitude  is  to  the  left  hand  of  the  true  amplitude. 


Example  3. 

October  17th,  1836,  in  latitude  42?10:  north,  and  longitude  14?30: 
west,  at  about  5*J2?  mean  time,  the  sun  was  observed  to  set 
W.  7*^33'  N. ;  required  the  variation  of  the  compass  ? 


Mean  time  of  observ.  =       5*  12? 
Long.  14?30:  W.  in  «me=     +68 


Greenwich  time  = 


.  ono? 


Sun's  declin.  at  noon=9?22'45?S. 
Correction  for  6  i  1 0?  =    +5. 37 


Sun's  true  declin.  =    9?28'22?S. 
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Lat.  of  the  ship  or  place  =  42?  10'  Or  N.     Log,  8ecaut=  10. 130067 
Sun's  reduced  decliiiation=    9.28.22    S.      Log.  sine  =      9.216374 


Sun's  true  amplitude  =    W.  12M9:45r  S.      Log.  sine  =      9. 346441 
Magnetic  amplitude  =    W.   7. 33.   ON.' 


Variation  of  the  compass  s  20?22C45'' ;  which  is  west,  because  the 
magnetic  amplitude  is  to  the  right  hand  of  the  true  amplitude. 

Remarks, 

In  finding  the  variation  of  the  compass  by  this  method,  the  sun's 
amplitude  should  be  taken,  with  an  azimuth  compass,  when  the  alti- 
tude of  his  lower  limb  is  equal  to  the  sum  of  his  scmidiametcr  and  the 
clip  of  the  horizon.  Thus,  if  the  sun's  semidiameter  be  16^5C',  and  the 
dip  of  the  horizon  4^7^  (for  20  feet),  the  sum  =  20^22r  is  the  height 
which  the  lower  limb  of  that  object  should  be  above  the  horizon,  at  the 
time  of  observing  its  amplitude. 

If  the  index  of  the  quadrant  be  set  to  the  altitude,  thus  determined, 
the  sun's  magnetic  amplitude  may  be  taken  when  his  lower  limb  attains 
that  altitude,  either  at  rising  or  setting ;  for,  although  the  sun  is  ap- 
parently so  elevated,  yet,  on  account  of  the  atmospherical  refraction, 
his  centre  is  actually  then  in  the  horizon  of  the  place  of  observation. 

From  the  above  l^xamples  the  method  of  finding  the  variation  of  the 
compass  by  an  observed  amplitude  of  the  moon,  a  planet,  or  a  fixed 
star,  will  appear  so  obvious  as  not  to  require  any  illustration. 


Problem  II. 

Given  the  Latitude  of  a  Place j  the  Sun's  Altitude,  and  his  Magnetic 
Azimuth  ;  to  find  the  true  Azimuth,  and  the  Variation  of  the  Compass. 
— See  Definitions  6  and  6,  page  666. 

The  principles  upon  which  the  computation  of  an  azimuth  is  founded 
^  may  be  readily  perceived  by  referring  to  the  diagram,  Problem  I.,  page 
428 ;  as  thus  : — In  the  oblique-angled  spherical  triangle  Z  }>  S,  the 
three  sides  are  given,  to  find  the  angle  at  the  zenith,  viz.,  the  co-latitude 
S  Z ;  the  co-altitude  or  zenith  distance  2>  Z,  and  the  polar  distance  S  }> ; 
to  find  the  angle  comprehended  between  the  arc  of  the  meridian  S  Z, 
and  the  arc  of  the  vertical  circle  D  Z,  which  angle  is  the  tru^  azimuth 
of  the  celestial  object ;  and  which  is  to  be  found  by  oblique-angled 
spherical  trigonometry^  Problem  V.,  page  207. 
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'  Example. 

Let  the  latitude  be  39? 401  north ;  the  true  altitude  of  the  »'$ 
centre  27?25:52r,  and  bis  declination  O^S/^Qir  north;  reqnirriir 

true  azimuth  ? 

Sun'a  north  polar  dist.,  or  S  >  ssSO?  2'39r 

Sun's  zenith  ditstance,  or  ]>  Z  =62.34.   8   Ijog.  co-sec.  s  0.(61/9 

Co-latitude  of  the  ship,  or  S  Z=50.20.   0    Log.  co-sec.=  0. 


Sum  = 193?56:47r 


Half  sum  =      .    .     .    96^28' 23ir  Log.  sine  =  .  9.99732! 
Remainders  .     .     .     16.25.44^    Log.  sine  =:  .  9.45ISS 

Sum=      ....  19.614181 


Arch=        50^  6:29rLog.  co.«ine=  9.80709DI 


Angle  at  the  zen.  or  true  azim.=  100®  12'58^  ;  as  required. 

Now^  from  the  above,  the  folloM'ing  method  of  computaUon  vl 
appear  manifest. 

RULB. 

Reduce  the  mean  time  of  obaen^ation  to  the  meridian  of  Greenwich, 
by  Problem  III.,  pai^e  342 ;  to  which  time  let  the  sun's  declination,  t 
noon  of  the  given  day,  be  reduced,  by  Problem  XIV.,  page  357- 

Find  the  true  central  altitude  of  the  sun,  by  Problem  XXIII.,  yap 
374.— Now, 

To  the  sun*8  polar  distance,  add  its  true  central  altitude  and  the 
latitude  of  the  place  of  observation  ;  take  half  their  suno,  and  call  tk 
diflference  between  it  and  the  polar  distance  the  remainder. 

Then,  to  the  logarithmic  secants,  less  radius,  of  the  true  central  al- 
titude and  the  latitude,  add  the  logarithmic  co-sines  .of  the  half  sum 
and  the  remainder :  half  the  sum  of  these  four  logarithms  will  be  the 
logarithmic  co-sine  of  an  arch ;  which,  being  doubled,  Mrill  be  the  true 
n/imuth,  to  be  reckoned  from  the  north  in  north  latitude,  but  from  (he 
south  in  south  latitude ;  towards  the  east  in  the  forenoon,  and  towardi 
the  west  in  the  afternoon. 

Now,  if  the  true  azimuth,  thus  found,  and  the  magnetic  azimuth, 
observed  per  azimuth  compass,  are  on  the  same  side  of  ike  meridkmf 
their  diffierence  is  the  variation ;  but  if  an  deferent  sidee^  their  mm  is 
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the  variation  : — and  to  know  whether  it  be  east  or  west,  let  the  ob- 
server look  directly  towards  that  point  of  the  compass  which  represents 
the  true  azimuth ;  then,  if  the  magnetic  azimuth  be  to  the  left  hand  of 
this^  the  variation  is  easterly ;  but  if  to  the  right  hand,  it  Is  westetly. 


Example  1. 

April  15th,  1836,  in  latitude  39?40:  north,  and  longitude  14?0' 
west,  at  4^  lO"  mean  time,  the  observed  altitude  of  the  sun's  lower  limb 
was  27®I6'20T,  and  the  bearing  of  his  centre,  by  azinfuth  compass, 
N.  80?37^30r  W. ;  the  height  of  the  eye  above  the  level  of  the  sea  was 
24  feet,  and  no  error  in  the  sextant ;  required  the  variation  of  the 
conipa/is  ? 

Mean  time  of  observ.  =     .  4?  lOT     Obs.alt.  ©'s  Iow.limb=27n6'.a0r 
Long.  14?0^  W.,  in  time  =   +56       ©'$  semid.  15^67'!  ^.^     ,,   ,« 

I;  Dip.for24ft,  4. 42   }»rf-  +  "-13 

Qrccnwicfh  time  =   *     .    .  5?  6? 


Sun's  declin.  at  noon=9?52149^N. 
€Jorrfctionfor5t6r=     +4.52 


Sun's  true  declin.  =  9?57:4lrN. 


•imm^kmmt^a 


Sun's  apparent  alt.  =   27?27'33r 
Refrac.  1 C  ^Srpar.8rdifr.     -1.41 


Sun's  true  central  alt.=27?26^52r 


Sun's  north  polar  distance  = 
Son's  true  central  altitude  =s 
Lat.  of  the  ship  or  place  ss 

Snm  =       ... 


80?  2^39^ 

27'  25. 52    Logr  secant  = 

,39. 40.   0    Log.  secant  = 


0.051799 
0.11:^638 


.  147°  8^3ir 


Half  sum  = 
Remainder  = 


Arch  ^      4     4     •     *     . 


•     . 


.    73?34:i5J'/Log.co-8ine=  9.45I5:K 
6?28'23irLog.  co-8ine=  9.907222 


Sum=     ......  19.614181 


a   ■■        ^m 


.   .50?  6:29r  Log.  co-sine  =t:  9.8070904 


Sun*8  true  azimuth  =      .    N.  100?12i58r  W. 
Magnetic  azimuth  =       .    N.    80. 37. 30    W. 


V«ruiii<ni  of  the  compass  ==       19?35^28^ ;  which  hmmt,  because  the 
magnetic  azimuth  is  to  the  rijfht  hand  of  the  true  lizhiliitli* 
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Example  2. 


March  lOili,  183G,  in  latitude  42?4i:  souths  and  longitude  148:3' 
east,  ut  19*35T25!  mean  time,  the  observed  altitude  of  the  sun's  bur 
limb  wiLs  VJ "".bTAO". y  and  the  bearing  of  hits  centre,  by  azimuth  cah 
puss,  S.  108?37^30rE. ;  the  height  of  the  eye  above  the  level  of  tksa 
was  19  feet,  and  no  error  in  the  sextant;  required  the  variation  of  tk 
compass  ? 

Moan  time  of  obs  =    19*35r25' 
Long.l48io:E.,inti.=  9.52.20 


Greenwich  time  =  .     .  9*43"  5! 


Sun's  dec.  at  noon  =  3?58: 18r  S. 
Corr.  for  9*43T5 !  =     -9. 32 


Sun's  true  dec.  =       3?48M6r  S. 


Obs.  alt.  ©  '8  lower  li.=17f57'.« 

0's8eniid.l6r   7r  ^ 
Dip.forl9ft.4,ll    |Diff.+lI.S6 


Sun's  apparent  alt.  =  18?  9:36: 
Refrac.2 :  52r  -paral.8r=-2. 4( 


Suu's  true  central  alt.=18f  6:5K 


Sun's  south  polar  distance  = 
Sun's  true  central  altitude  = 
Latitude  of  the  ship  or  place 


Sum  = 


•  a  •  a 


.  86?lH14r 

.  18.   6.52    Log.  secant 
=    42. 4 1 .  0   Log.  secant 

.  146?59^  6r 


O.O2a0!7 
0.1336C 


Half  sum  =     .     .     .      73?29^33rLog.  co-sine=  9.45S584 
llcmainder  =  .     a     .      12..41.41  Log.  co-8ine=  9.989^ 


Sum=: 


•  19.59SS10 


Arch  = 


•  •  a  •  •  .  . 


50?57:33r  Log.  co.8ine=  9.7992S 


Sun's  true  azimuth  =    .     .     S.  101  ?55:  6:  E. 
Magnetic  azimuth  =     a     .     Sa  108.37.30    E. 


Variation  of  the  compass  =     .       6?42f24r  ;  which  is   east,   becaase 
the  magnetic  azimuth  is  to  the  l^ft  hand  of  the  true  azimuth. 

Note, — ^The  variation  may  be  deduced  in  a  similar  manner  from  the 
true  altitude  and  the  magnetic  bearing  of  a  fixed  star,  a  planet,  or  the 
moon,  as  may  be  seen  by  referring  to  *•'  the  Young  Navigator's  Guide 
to  the  Sidereal  and  Planetary  parts  of  Nautical  Astronomy,'*  page  263; 
where  the  principles  of  the  above  method  are  familiarly  explained  by  a 
stercographic  projection. 
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Problem  III. 

To  find  the  Variation  of  the  Compass  by  Observations  of  a  Circumpolar 

Star. 

Definition^'^A  star,  or  other  celestial  object  is  said  to  be  circumpolar 
when  its  distance  from  the  elevated  pole  of  the  heavens  is  less  than  the 
latitude  of  the  place  of  observation  (the  star's  declination  and  th^ 
latitude  being  of  the  same  denomination) ;  because,  under  such  circum- 
stances, the  object  comes  within  the  circle  of  perpetual  apparition^  and 
revolves  round  the  celestial  pole  without  ever  setting,  or  going  below 
the  horizon  of  the  given  place. 

Rule. 

Prom  the  log.  co-sine  of  the  star's  declination  (the  index  being  in- 
creased by  10),  subtract  the  logarithmic  co- sine  of  the  latitude:  the 
remainder  will  be  the  logarithmic  sine  of  the  star's  greatest  eastern  or 
western  azimuth  (according  as  it  may  be  situated  with  respect  to  the 
meridian) ;  to  be  reckoned  from  the  north  in  north  latitude,  but  from 
the  south  in  south  latitude.     Tlien, 

From  the  logarithmic  sine  of  the  latitude  (the  index  being  increased 
by  10),  subtract  the  logarithmic  sine  of  the  star's  declination,  and  the 
remainder  will  be  the  logarithmic  sine  of  the  star's  true  altitude  when  at 
its  greatest  eastern  or  western  azimuth.  Set  the  index  of  the  quadrant 
to  this  altitude,  and,  when  the  star  has  attained  it,  let  its  bearing  be 
taken  by  the  azimuth  compass  ;  the  difference  between  which  and  the 
computed  azimuth,  when  they  are  of  the  same  name,  or  their  sum  when 
of  contrary  names,  will  be  the  variation  ;  which  will  be  easty  if  the 
observed  or  magnetic  azimuth  be  to  the  left  of  the  computed  azimuth ; 
otherwise,  west. 

Example. 

January  Ist,  1823,  in  latitude  41?53'  S.,  the  greatest  eastern  azimuth 
of  the  star  Canopus,  by  azimuth  compass,  was  S.  72^301  E.  i  required 
the  variation  of  the  compass  ? 

To  find  the  Star's  Altitude  when  at  its  greatest  AzimuthT 

Latitude  of  the  place  of  cbscrv.=  41  ?53:  Or  S.    Log.  sine=:9. 824527 
Reduced  declination  of  Canopus s=s52. 36. 10  S.    Log.  sine=9. 000063 


8tar*ii  alt.  at  greatest  asimuth  «  57?  lO: 40?        liOg.  8ine:=s0. 024464 
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To  find  the  Star's  greatest  eastern  Anmuth. 

4 

Reduced  decliii.  of  Canopua  =   52?3G^  lOf  S.  Ixig.  co-8iiie=i9.78MI 
Lut.  of  the  place  of  obsen'ation=4 1.53.   0   S.  Log.  co-8iiic=s9,VUi 

Greatest  eastern  azimuth  =    S.54?39:45r  E.  Log.  sine  =  '9.91UI 
Magnetic  a/iiuuth  =      •     .    8.73.50.  O   E. 


Variations 18?10a5f  ;  which  is  tfw/, 

magnetic  azimuth  is  to  the  kjt  hand  of  the  computed  axEssiiCh. 

Remark, — ^Tbe  variation  of  the  compass  may  be  found  by  equal  iK* 
tude»  of  the  fixed  stars  ;  as  thus  : — 

Let  the  btar's  altitude  be  observed  in  the  eastern  hemisphere,  vhn 
it  is  at  least  two  hours  distant  from  the  meridian  ;  and,  at  the  same  ii- 
stant,  let  its  bearing  be  taken  with  an  azimuth  compass  :  thenp  whn 
the  star  comes  to  the  same  altitude  in  the  western   hemisphere,  kt  ib 
azimuth  be  again  taken.    Now,  half  the  difference  between  the  cartas 
and  western  azimuths  will  be  the  variation ;  which,  when  the  obaenar 
tions  are  reckoned  from  the  southpoini  of  the  compass,  will  be  caat  or 
we&t  according  as  the  eastern  or  western  azimuth  is  the  greatest  \  M 
if  Uiey  be  reckoned  from  the  north  point  of  the  compass,  a  contmy 
process  is  to  be  obser\'ed :  that  is,  the  variation  is  to  be  called  eat/,  if  Ik 
western  azimtUh  be  the  greatest ;  but  west,  if  the  eastern  azimuth  be  the 
greatest.    The  variation  also  may  be  found,  by  observing  the  pomts  of 
tlie  compass  upon  which  a  fixed  star  rises  and  sets  ;    then,  half  the 
difference  between  those  points  will  be  the  variation  of  the  compaaii 
as  before. 

Note. — ^The  above  method  of  finding  the  variation  of  the  compaaa  hj 
observations  of  a  circumpolar  star,  is  clearly  illustrated  in  *'  The  Touag 
Navigator's  Guide  to  the  Sidereal  and  Planetary  Parts  of  Nautical 
Astronomy,"  between  pages  267  awd  271. 


Problem  IV. 

To  find  the  Variation  of  the  Compass  by  the  Magnetic  Bearing  of « 
fixed  Star,  or  Planet ,  taken  at  the  time  of  its  Transit,  or  Passage  aver 
any  knoicn  Meridian. 

llULB. 

Find  the  mean  time  of  the  star's  transit  or  passage  over  the  meridian 
of  the  given  place,  by  Problem  VIII.,  page  348;  but  if  the  bbjiect 
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selected  for  observation  be  a  planet,  its  mean  time  of  transit,  as  given 
in  tlie  Nautical  Almanac,  is  to  be  reduced  to  the  meridian  of  the  place 
of  observation,  by  Problem  XIII.,  page  355.  Let  the  watch  be  well 
regulated  to  mean  time  under  the  meridian  of  the  given  place,  and  it 
\rill  show  the  instant  of  the  star's  or  planet's  transit  ovet^ that  meridian; 
at  which  instant  its  bearing,  by  azimuth  compass,  is  to  be  carefully 
taken :  the  difference  between  which  and  the  north  or  sohth  point  of 
the  compass  (according  to'  the  hemisphere  in  which  the  star  may  be 
posited),  will  show  the  deviation  of  the  needle  from  the  true  eorre- 
sponding  point  of  the  horizon  ;  then,  if  the  observed  or  magnetic 
azimuth  be  to  the  k/t  hand  of  the  meridian,'  the  variation  is  easterly  5 
but  if  to  the  right  hand^  it  is  westerly.* 


Example  L 

I 

January  2ud,  1836,  in  latitude  20?15r  north,  and  longitude  165?36r 
east,  at  11^35744 ?  mean  time,  the  star  Cahopus  was  on  the  ineridian^ 
and  bore  by  azimuth  compass,  S.9?30'  £. ;  required  the  variatioo  ? 

Solution. — ^The  observed  or  magnetic  bearing  of  the  star,  viz.,  9*80  f 
is  the  variation  of  the  compass ;  and  it  is  easter/yy  because  it  is  to  the 
iefl  hand  of  the  meridian  of  the  given  place. 


Example  2. 

January  2nd,  1836,  in  latitude  34?25:  south,  and'longitude  18f52' 
eatst,  at  11  MOT  10!  mean  time,  the  moon  was  on  the  meridian,  at  which 
moment  her  centre  bore,  by  azimuth  compass,  N»  25?36'  E. ;  required 
the  variation  ? 

Solution. — ^The  observed  bearing  of  the  moon's  centre,  viz.,  25?36', 
ia  the  variation  of  the  compass ;  and  it  is  westerly^  because  the  magnetic 
bearing  or  azimuth  is  to  the  right  hand  of  the  meridian. 


*  The  yariation  may  be  determined  in  a  similar  manner  at  noon,  by  observing  the  mag* 
netic  bearing  of  the  sun  at  the  time  of  its  transit  over  the  meridian :  and,  if  the  place  of 
obiCffv^tioii  be  omtlderablx  distant  from  the  equator,  a  very  rigid  degre#  of  accuimcy  is 
not  neoessarj  in  the  moment  of  observing  the  sun's  beahng ;  since,  ia  aoch  a  pla<^  an 
error  of  5  minutes  in  the  time,  before  or  after  noon,  will  only  produce  an  error  of  about 
A«|r  a  quarter  qf  a  point  in  the  variation ;  which  comes  sufficiently  near  the  truth  for  most 
saaUcal  purposes.  Hence,  this  method  may  often  prove  useful  in  esses  where  the  mariner 
Is  pwvenHd^  by  elouda  or  other  unavoidable  ctuses,  from  aitrtainlng,  in  ftt  loreoos%the 
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Remarks. 


The  less  the  altitude  of  the  star  or  jilanet,  aud  tlie  greater  its  dcct 
nntion,  the  more  accurately  will  the  variation  be  obtained.*  When  Ar 
porth  polar  star  is  in  the  same  vertical  circle  with  the  star  AlioAff 
the  star  Cor  Caroli,  it  will  be  on  the  meridian,  or  nearly  bo  ;  andif  ib 
azimuth  be  observed  at  that  time,  the  variation  will  be  obtadndai 
before.  If  two  stars  be  observed  to  be  vertical,  whose  right  aaceBUH 
are  cither  equal  or  differ  180  degrees,  they  will  be  on  the  meridiaa:  Ac 
azimuth  of  either  may  then  be  taken,  but  that  which  is  nearest  loth 
elevated  pole  should  be  preferred ;  whence  the  variation  may  be  iofan'i 
in  the  same  manner  as  if  its  mean  time  of  transit  had  been  compatfi 

Tlie  variation  may  also  be  deduced  from  the  magnetic  azimuth  of  i 
fixed  star  at  the  mean  time  of  its  transit  below  the  pole  :  this  timemaj 
))e  always  known,  by  adding  12  hours  {diminished  by  l?58f,  rir.,ikiif 
the  variation  of  the  mean  svnCs  right  ascension),  to  die  compotcl 
apparent  time  of  the  star's  superior  transit  above  the  pole.— See  Jb- 
mark  2,  page  349. 

The  number  of  brillimit  stars  which  pass  over  the  meridian  of  a  ihif 
at  night,  and  the  readiness  with  which  their  respective  times  of  tnmflt 
may  be  found,  render  the  above  method  of  finding  the  variation  of  the 
compass  at  sea  both  desirable  and  convenient  to  the  practical  navigator. 


Problem  V. 

Given  the  t^-ue  Course  between  two  Places^  and  the  Variaiian  of  the 
Compass  ;  tofjid  the  Magnetic  or  Compass  Course. 

Rule. 

When  the  variation  is  westerly,  let  it  be  allowed  to  the  right  bawl 
of  the  true  course ;  but  when  easterly,  to  the  left  hand :  in  either  case, 
the  magnetic  or  compass  course  will  be  obtained. 

Example  L 

Required  the  course,  per  compass,  from  Scilly  to  Cape  Clear,  the 
true  course  being  N.  62?55f  W.,  or  N.W.  J  W.  nearly,  and  the  varia- 
tion 2J  points  westerly  ? 

So/«/ior.— The  variation  2^  points,  being  allowed  to  the  right  hand 
of  the  true  coursci  because  it  is  wcsterlyi  shows  the  magnetic  coam 
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to  be  N.N.W.  J  W. ;  which,  therefore,  is  the  course  which  a  ship  must 
steer  by  compass  from  Scilly  to  Cape  Clear,  provided  tlie  vadation  be 
as  above. 

Example  2. 

Required  the  course,  per  compass,  from  Port  Royal,  Jamaica,  to 
Santa  Martha,  Columbia ;  the  true  course  being  S.  21  ?42'E.,  or  S.S,E. 
nearly,  and  the  variation  about  half  a  point  easterly  ? 

4S«olM/i(m.^-The  variation  \  a  point,  being  allowed  to  the  left  hand  of 
the  true  course,  because  it  is  easterly,  shows  the  magnetic  course  to  be 
8.S.E.  \  E.  J  which,  therefore,  is  the  course  which  a  ship  must  steer  by 
compass  from  Port  Royal  to  Santa  Martha,  provided  the  variation  be 
as  above, — and  independent  of  currents. 


Problem  VI. 

Given  the  Magnetic  Course^  or  that  steered  by  Compass^  and  the 

Variation  ;  to  find  the  true  Course. 

Rule. 

If  the  variation  be  westerly,  it  is  to  be  allowed  to  the  left  hand  of 
the  course  steered  by  compass  ;  but  if  easterly,  to  the  right  hand :  in 
either  case,  the  true  course  will  be  obtained. 

Example  1. 

Let  the  ma'gnetic,  or  course  steered  by  compass,  be  E.  by  N.  i  N., 
and  the  variation  1  \  point  westerly  5  required  the  true  course  ? 

Solution.^The  variation  H  point,  being  allowed  to  the  left  hand  of 
the  compass  course,  because  it  is  west^  shows  the  true  course  to  be 
N.E.  by  E.  i  £. 

Example  2. 

Let  the  course  steered  by  compass  be  N.W.  }  W.,  and  the  variation 
one  point  and  three-quarters  easterly ;  required  the  true  course  ?    . 

Sobition.^The  variation  If  point,  being  allowed  to  the  right  hand 
of  the  magnetic  or  compass  course,  because  it  is  easterlyi  shows  the 
true  course  to  be  N.W.  by  N. 

p  p 
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AZIMUTH  COMPASS; 

The  card  being  graduated  on  an  improved  principle,  so  as  to  be  more 
particularly  adapted  to  the  taking  of  amplitudes  and  azimuths,  the 
measuring  of  horizontal  angles,  &c.  &c. ;  being  thus  rendered  far  more 
applicable  to  nautical  purposes  in  general  than  that  which  is  now  in 
common  use  at  sea. 


The  azimuth  compass,  as  well  as  the  mariner'6  compass,  is  an  arti- 
ficial representation  of  the  horizon  of  any  place  on  the  terrestrial  ^be: 
it  consists  of  a  circular  card,  divided  into  32  equal  parts,  call^  pcHBts 
or  rhumbs ;  aud,  since  the  circle  contains  360%  each  point  is  equal  to 
UnS::  for  360?  -4-32=  ll?15^*  The  four  principal  points  of  the 
compass,  viz.,  N.,  E.,  S.,  and  W.,  are  called  cardinal pomU  ;  the  othets 
are  compounded  of  these,  and  are  named  according  to  the  quarter  in 
which  they  arc  situated. 

To  the  under  side  of  the  card,  and  in  the  direction  of  iis  north  and 
south  line,  a  bar  of  hardened  steel  is  attached,  called  the  needle, 

r 

which,  being  touched  by  a  load-stone,  acquires  the  peculiar  property  of 
pointing  north  and  south,  and  thus  directs  the  different  points  on  the 
card  to  the  correspondent  points  of  the  horizon.     In  the  centre  of  the 
needle  there  is  a  small  socket,  by  means  of  which  it  is  placed,  with  its 
attached-  card,  on  an  upright  pin  called  the  jwfo/  or  supporter ^  which  is 
fixed  in  the  bottom  of  a  circular  or  conical  brass  box :  ou  this  pin  the 
needle  turi^s  freely,  and,  by  its  magnetic  properly,  the  several  points 
of  the  compass  card  keep  always  in  the  same  direction,  very  neaily; 
though  these  do  not  always  indicate  the  true  correspondent  points  of 
the  horizon,  because  of  the  aberration  which  the  needle  suffers,  owing 
to  that  secret  and  unknown  agency  which  causes  its  north  and  south 
poles  to  deviate  more  or  less  from  the  respective  correspondent  poles 
of  the  world. 

However,  since  the  compass  is  an  instrument  with  which  mariners 
are  well  acquainted,  it  is  not  deemed  necessary,  in  this  place,  to  enter 
any  farther  into  its  description.  Hence,  I  shall  merely  point  out  some 
of  the  many  advantages  which  a  compass  card,  graduated  on  the  above 
principle,  possesses  over  those  now  in  general  use  at  sea.  In  this  card, 
the  circular  ring  of  silvered  brass  is  to  be  sufficiently  broad  to  admit 
of  four  concentric  spaces.  The  outer  edge  of  the  ring  is  to  be  gra- 
duated, mathefiuUicalfy  correct^  to  every  20th  minute  of  a;  degree 


*  Ta^)0  XXXIII.  contains  the  different  angles  which  Wfty  pmni  and  qiisrttf*|Milat  of 
tbf  cpgipfmi  makc« .>kitb  the  i^crldiaus.avid  TaUk  XXXIV. coxUaiM  tin locKiOuiUc lii 
tangcnU,  and  tecaotA  of  every  point  and  quarter-point  of  tbeGOiii|iaM« 
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(though,  for  want  of  room,  the  present  card  is  only  graduated  to  every 
30th  minute  of  a  degree),  to  which  a  vernier  is  to  be  adapted,  contain- 
ing 20  divisions  on  each  side  of  its  nonius^  for  the  purpose  of  subdivid- 
ing the  divisions  on  the  card  into  minutes  of  a  degree. 

The  interior  surface  of  the  vernier. should  be  ground  concave  to  the 
segment  of  a  circle,  whose  radius  is  equal  to  that  of  the  card.  The  re- 
mote edge  of  the  inner  concentric  space,  on  the  silvered  brass  flat  ring, 
may  be  graduated  similarly  to  that  of  the  outer  edge,  so  as  to  render  it 
more  convenient  in  reading  off  amplitudes,  according  as  they  may  be 
reckoned  from  the  prime  vertical,  or  from  the  meridian. 

The  first  space  on  the  broad  ring  of  silvered  brass,  viz.,  that  next 
the  points  of  the  compass,  is  particularly  adapted  to  taking  amplitudes, 
when  the  observations  are  reckoned  from  the  east  or  the^west  points  of 
the  horizon ;  and,  therefore,  it  is  numbered  both  ways,  from  those 
points,  towards  the  meridian :  that  is,  from  0?  to  90?.  The  second 
space  being  adapted  to  horizontal  azimuths j  viz.,  to  amplitudes  reckoned 
from  the  meridian,  is  therefore  numbered  both  ways,  from  the  florth  "^ 
and  south  points  of  the  horizon  towards  the  east  and  west  points 
thereof:  that  is,  from  0?  to  90?,  in  a  contrary  order  to  the  last.  The 
third  space  is  intended  for  the  accommodation  of  an  azimuth  when  the 
observation  is  reckoned  from  the  south  in  north  latitude,  or  from  the 
south  in  south  latitude  :  hence,  it  is  numbered  both  ways  from  the  south 
to  the  north  point  of  the  compass,  or  from  0°  to  180?.  The  fourth, 
or  outer  space,  is  designed  for  azimuths  reckoned  from  the  north  in 
north  latitude,  or  from  the  north  in  south  latitude,  according  to  the  will 
of  the  observer ;  and,  therefore,  it  is  numbered  both  ways  from  the  north 
to  the  south,or  fromO?  to  180?, &c. — See  the  Frontispiece  to  this  volume. 

Besides  the  evident  uses  of  a  compass  card,  graduated  after  this 
manner,  in  observing  amplitudes  and  azimuths,  it  will  also  be  found  of' 
the  greatest  utility  in  taking  correct  surveys  of  coasts  and  harbours, 
and  in  settling  the  true  positions  of  places  on  shore  from  a  knotvn  posi^ 
iion  at  sea.  It  may,  moreover,  be  applied  successfully  to  many  astro- 
nomical purposes  ;  nay,  it  may  even  be  applied  to  the  determination  of 
the  longitude  by  lunar  observations,  as  thus  : — Let  two  observers,  with 
two  good  compasses  of  the  above  description,  take  the  azimuths  of  the 
moon  and  sun,  or  a  fixed  star,  &c.,  at  the  same  instant;  then,  if  those 
two  azimuths  be  reckoned  from  the  same  point  of  the  horizon,  their 
sum,  subtracted  from  360?,  will  be  the  angle  at  the  zenith  compre- 
hended between  the  zenith  distances  of  the  objects ;  with  which,  and 
the  true  zenith  distances  of  the  objects,  the  true  central  distance  may 
be  found  by  oblique-angled  spherical  trigonometry.  Problem  III.,  Re- 
mark 1  or  2,  page  203  or  204 ;  and,  hence,  the  longitude  of  the  pkce 
of  obaenriMaii^  by  Pidbtem  XXX^  page  368. 

pp2 
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An  azimuth  compass  of  this  description  would  be  of  rewl  adnunti^ 
to  the  practical  navigator ;  whereas,  the  one  now  io  coBunon  use  aft 
sea  is  so  very  ill  adapted  to  the  important  purposes  for  which  it  is  de- 
signed, that  it  is  very  seldom  resorted  to  for  those  purpoeet ;  mi, 
therefore,  it  is  scarcely  ever  seen  upon  deok,  except  for  the  niBfk 
purpose  of  comparing  its  parallelism  with  thai  of  the  biniiadc^  «r 
steering  compass. 


SOLUTION  OF  PROBLEMS  relative  to  finding  the  lAtitodes  and 

Longitudes,  Right  Ascensions  and  Declinations  of  the  HemVeoIjr 
Bodies,  and  to  the  computing  of  the  Central  Distances  between  the 
Moon  and  Sun,  a  fixed  Star,  or  a  Planet. 

Problem  L 

Given  the  Rig  fit  Ascension  and  Declination  of  a  Celestial  Oifeci,  iojaid 

its  Latitude  and  Longitude. 

Example, 

The  apparent  right  ascension  of  a  Arietis,  August  Ist,  l8Si3,'  wis 

1^57r23'.  176,  and  its  declination  22^:38'.  V. 44  north  ;  required  its 

apparent  latitude  and  longitude,  the  obliquity  of  the  ecliptic  beiBf 

23?27M2'',875? 

a  Arietis,  right  ascen.  =1*57"23'.  176,  in  degrees  =29?20M7'.64, 
and  north  polar  distance  =67?21  ^55^^.56. 

P 
Construction.  ^ — yi"  ■     ■^■wN 

Describe  the.pri- 
mitive  circle  PESO, 
with  the  chord  of 
60?  on  the  plane  of  ^ 
the  solstitial  colure : 
.  —draw  the  Equator 
£Q,  and,  at  right 
angles  thereto,  the 
axis  P  S ;  in  which 
P,  represents  the  N. 
celestial  pole. 
Make  E  a,  Qb  = 
22?38:4''.44,  the 
star's  north  decli- 
nation; and  with  the 
-tangent  of  its  com- 
plement^ viz.^  67?21 :55''.56,  describe  the  parallel  of  declination  ab.-^ 
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Take  the  star's  right  ascension,  viz.,  29?20'47''.64|  in  the  compasses, 
from  the  scale  of  semi-tangents,  and  lay  it  off  on  the  Equator  from  <r  to 
R,  and  with  the  secant  of  its  complement,  viz.  60?39^  12".  36,  describe 
the  circle  of  right  ascension  P  R  S  ;  the  intersection  of  which  with  the 
parallel  circle  a  d,  at  ^,  will  be  the  apparent  place  of  the  star  in  the 
heavens.— Make  PN,  SO=23?27 -42".  875  the  obliquity  of  the  ecliptic: 
—draw  the  polar  line  N  O,  and,  at  right  angles  thereto,  the  ecliptic 
line  Vf  nr  ®  : — through  the  intersecting  point  * ,  draw  the  circle  of 
longitude  N^tO,  cutting  the  ecliptic  in  L; — then,  the  arc  t  L,  will  be 
the  longitude  of  the  Star,  and  the  arc  L  a|e ,  its  latitude ;  the  former 
being  taken  in  the  compasses,  and  applied  to  the  scale  of  semi-tangents, 
will  be  found  to  measure  about  35  J  degrees  : — the  angle  P  N  ♦ 
(measured  by  the  arc  L  ®=:54f  degrees),  represents  the  co-longitude 
of  the  star,  and  the  arc  N  ^  its  co-latitude;  the  latter  being  reduced 
to  the  primitive  circle  will  be  found  to  measure  about  80  degrees. 

Now,  in  the  oblique  angled  spherical  triangle  PNa|t,  given  the  side 
PN=:23?27:42".875,  the  obliquity  of  the  ecliptic;  the  sideP*  = 
67^21*^55^.56,  the  star's  north  polar  distance,  and  the  included  angle 
N  P  ♦  =119?20^47''.  24 ;  to  find  the  side  N  *  =the  co-latitude  of  the 
BtaTj  or  its  distance  from  the  north  pole  of  the  ecliptic,  and  the. angle 
F  N  sic  =s  its  co-longitude. 

Noie. — ^The  circle  of  right  ascension  which  passes  through  yf ,  viz., 
P  Q  S,  is  always  equal  to,  or  expressed  by  270  degrees ;  and  that 
which  passes  through  t,  or  :Q:,  by  0,  or  360  degrees  ;'  the  difference, 
therefore,  between  yf  and  t>  or,  which  is  the  same,  between  Q  and  t, 
ia  90  degrees;  which  being  added  to  the  arc  nn  R,  29?20'.47".64, 
makes  the  whole  arc  Q  R=119?20^47".  64,  which  is  the  true  measure 
of  the  angle  R  P  Q ;  that  is,  the  angle  N  P  ♦ ,  comprehended  between 
the  two  given  sides. 


Hence,  by  spherical  trigonometry,  Problem  III.,  Remark  1,  p.  203, 

An.NP*=119?20'47''.64-H2=59?40123'f.82tw.L.si.  19.8721827-68 
Side  P  N=obl.  of  the  ecliptic=  23. 27. 42  .875  L.si.  9. 6000350. 88 
SideP*=star'sN.polardist.=:67.21.55  .56    'L.sl.    9.9851914.48 


Sum=  39.4374093.04 


Diff-  of  the  two8ides=     .     .    43?54n2\685Hf.S.  + 19. 7187046. 52 
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Diff.  of  the  two  sides^      43?54^  W.  685H.S.of  lo|pit  ig.7|87CM&dS 
Hdf  difference=      .     .    2l?57^  6".3425Log.  sine=    9.5726093.15 


Arch=      .     .     .     .    ,    54?27'23''.53    l^g.taiig.=  10. 1460853.37 


Log.  sine  of  arch^  subtFact  from  half  sum  of  logs  =  '  ^9. 91045QB.S6 


Half  the  side  P  4c  =      .    40?   ir  14^.26    Log.8ine=     9.8082537-&7 


The  whole  side  ¥  ^^  80?  2: 38'. 52  ;  which  is  the  co-latitude  of 
the  given  star^  or  its  distance  from  the  north  pole  of  the  ecliptic; 
hence  the  latitude  of  a  Arietis  is  9?d7-31''.  48  north, 

Now,  in  the  oblique  angled  spherical  triangle  P  N  # ,  the  three 
sides  are  given,  and  the  angle  P ;  to  find  the  angle  N=the  co-longi- 
tude of  the  star. — Hence,  by  spherical  trigonometry.  Problem  I., 
page  198,  -         •  ^ 

As  the  side  N^c  =  .80?  2^28". 52  Log.  co-8ecant==  10. 0065834.91 
Is  to  the  ang.NP  «  =  1 19. 20. 47  .  64'  Log.  sine=  .  .  9. 94035^7.  SN 
So  is*  the  side  P«=:  67.21.55  .56  Log.  suie=  .     ,    9,9651914,49 

To  the  angle  PN*=  54?46ar'.38  Log.  sine=    .     .    9. 9I2IS76. 7> 

The  angle  N,  thus  found=54?46:  IP.  38,  which  is  the  co-k>ngitiide 
of  the  star,  and  which  is  measured  by  the  arc  of  the  ecliptic  Lo, 
being  taken  from  90  degrees;  that  is,  from  ^  ®,  leaves  the  U€ 
yy  L=35?13^48'^.62;  which,  therefore,  is  the  apparent  longitude  af 
the  star  a  Arietis. — Hence,  the  apparent  longitude  of  the  given  star  it 
1  i5?13:48".62,  aiid  its  apparent  latitude  9?57^3P.  48  north. 

Now,  from  the  above  Problem  we  obtam  the  following 

General  Rule 

for  computing  the  latitude  and  longitude  of  a  celestial  object,  viz. : — 
Find  the  difference  between  the  object's  right  ascension,  expressed 
in  degrees,  and  270  degrees;*  to  twice  the  logarithmic  sine  of  half 
this  difference,  add  the  logarithmic  sines  of  the  object's  north  polar 
distance,  and  of  the  obliquity  of  the  ecliptic :  from  half  the  sum  ot 
these  three  logarithms  subtract  the  logarithmic  sine  of  half  the  dif- 


*  In  ftU  cascf,  whenever  tbis  diiTercnce  exceeds  ISO  degrees,  U  must  be  subtracted  firom 
36Q  degrees. 
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fercnce  between  the  object's  north  polar  distance  and  the  obliquity  of 
the  ecliptic ;  the  remainder  will  be  the  logarithmic  tangent  of  an  arch, 
the  logarithmic  sine  of  which  being  subtracted  from.the  half  sum  of  the 
tliree  logarithms  will  leave  the  logarithmic  sine  of  an  arc,  which,  being 
doubled,  will  give  the  object's  distance  from  the  north  pole  of  the 
ecliptic  J  the  difference  between  which  and  90  degrees  will  be  the  lati- 
tude of  the  object,  which  will  be  north  when  the  ecliptic  polar  distance 
is  the  least;  otherwise,  south. 

To  find  the  Longitude  : — 

To  the  logarithmic  secant  of  the  object's  latitude,  add  the  logarithmic 
sine  of  the  difference  between  its  right  ascension  and  270  degrees,* 
and  the  logarithmic  sine  of  its  north  polar  distance ;  the  sum  of  these 
three  logarithms,  abating  20  in  the  index»  will  be  the  logarithmic  sine 
of  an  arch,  which  being  subtracted  from  90  degrees,  will  leave  the 
object's  true  longitude  when  its  right  ascensloti  is  less  than  6  hours  or 
90  degrees ;  but  which  is  to  be  increased  by  6  signs  when  the  right 
ascension  is  between  12  and  18  hours^  that  is,  between  180  and  2/0 
degrees. 

.  AgMn,— If  the  right  ascension  lies  between  6  and  12  hours ;  thiit  is, 
between  DO  and  180  degrees,  the  arch^  so  found,  is  to  be  augmented 
by  3  signs;  but  if  the  right  ascension  is  between  18  and  24  hours, 
viz.,  between  2/0  and  360  degrees,  it  is  to  be  Augmented  by  9  signs ; 
in  eitlier  case  the  true  longitude  Of  the  abject  will  be  obtained. 

Example. 

The  apparent  right  ascension  of  Aldebaran,  August  3rd,  1825,  w.is 
4?23r56M16,  and  its  declination    16?9:5''-35  worth;    required  its 
apparent  latitude  and  longitude,  the  obliquity  of  the  ecliptic  being 
*23?27H2".875? 

Akkb'8lLA-=4*25'r36''115=6r>?29^   r'.72o 


Diff.  between  R.A.  and  270?-203?30:58".  2/5 


And  360?-203?30:58^275=15Gv29:   1^72& 


The  half  of  which  is  =      .     .    78?  1 4 :  30".  862 


*  9w  Noti^  page  582. 
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The  half  of  which  is=  .  .  78?  14:30".  862  Tw.  L-sL  10.961560 
Aldebaraii's  N.  polar  distance=73. 50. 54  .  650  Log.  81.=  9«  9835U 
Obliquity  of  ecliptic  =      .    .    23.^.42  .8/5  Log.  si.  =  9. 


rill/i^: 


Sum=    39.564126  • 

Diff.bet.P.di8t.andob.of  eclip.=50?23'.ll'.775  Half  S.=l&.  7^063+ 
IIalfditto= 25°]i:35'.8^L(^.8i.=  9.629077 

Arch= 54?53:2K  L(^.  tang.=    10.152986 

Log.  sine  of  arch,  subtract  from  '■ 

half  sum  of  log8.=  ....'. 9.912775- 

Arc= 47M4:22".5Log.sine=   9.860288 


•ta 


Twice  the  arc=  ....  95?2S:45".0;  which  is  Aldebaran'i 
distance  from  the  north  pole  of  the  ecliptic ;  its  latitude,  therefore,  is 
5?28:45r  south. 

To  find  Aldebaran's  Longitude : — 

Lat.  of  Aldebaran=  .  .  .  5?28:45rS.  Log.  sees  10.00196B 
Diff.  bctw. R.A.  and  270  deg.=  156, 29.  1  .  726  Log.  sine=  9. 600982 
Aldebaran'sN.  polar  distance  =  73.50.54  .05     Log.  sines    9.962511 

Aldebaran's  co-longitude=   .    22?38MI''.6      Log.  sines   9.585482 

Aldebaran's  longitude=  .     .    67^21 :  18".  4  ;  or  2*7 -21 '  18".  4. 

Hence,  the  latitude  of  Aldebaran  is  5! 28: 45"  south,  and  it«  longi- 
tude 27-21 '  18". 4,  as  required. ' 

Note. — In  like  manner  may  the  latitudes  and  longitudes  of  the  moon 
and  planets  be  deduced  from  their  respective  right  ascensions  and 
declinations. 


Problem  II. 

Given  the  Latitude  and  Longitvdeofa  Celestial  Object;  to  find  Ub  Right 

Ascension  and  Declination. 

Example, 

The  apparentlong.  of  a  Arietis,  August  1st,  1825,  was  1  !5?13'.48".e2, 
audits  latitude  9?57r31  ".48  north ;  required  its  right  ascension  and 
declination,  the  obliquity  of  the  ecliptic  being  23527:42^.  875  ? 
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The  construction  of  this  Problem  is  exactly  like  that  of  the  preced- 
ing :  thus,  lay  the  longitude  of  the  given  star  off  on  the  ecliptic  line 
from  <r  to  L,  and  draw  the  circle  of  longitude  N  L  O,— Make  yf  rf, 
o  c=  the  star's  latitude,  and  draw  the  parallel  circle  c  d  5  the  inter- 
section of  which  with  the  circle  of  longitude,  at  sfc ,  will  represent  the 
apparent  place  of  the  star  in  the  heavens. — See  the  \?i'&t  projection. 

Now,  in  the  oblique  angled  spherical  triangle  N  Pa|e  ;  given  the  side 
P  N  =  23?27M2\  875,  the  obliquity  of  the  ecliptic  ;  the  side  N  ♦  = 
80?2'28''.52,  the  star's  distance  from  the  north  pole  of  the  ecliptic, 
aud  the  included  angle  P  N  a|t  =54?46^  1 1  ''•  38^  the  complement  of  the 
star's  longitude  (measured  by  the  arc  L® )  ;  to  find  the  side  P  aic  sthe 
star's  north  polar  distance,  and  the  angle  N  P  :fc  (measured  by  the  arc 
R  Q) ;  the  difference  between  which  and  <y»  Q,  viz.^  90  degrees,  ex- 
pressed by  the  arc  (y^  R  =  will  1)e  the  star's  right  ascension. 

Hence,  by  spherical  trigonometry.  Problem  III.^  Remark  I^  p.  203, 

Angle  PN*=     .     .     .     54?46:ir'.38 


Halfditto=  ....  27^23:  o\69  Tw.L.8i.=19. 3254514. 58 
Side  P  N=obliquity  of  the 

ecliptics  ....  23.27.42  .875  Log.  si.  =  9.6000350.88 
Side  N  4^=  star's  ecliptic 

polar  distances    .     .    80.  2.28  .250  Log.  si. »   9.9934065.08 


Sum  =     38. 9188930. 54 


Differenceofthetwo8ides=56?34 ^45^.645  Half  S.=  19. 4594465. 27  + 


Half  differences      .    .    28?17'22^822  Log.  8i.=  9.6757137.08 


Arch=       .....    3in7'22".56    Log.  T.=    9.7837328.19 


Logarithmic  sine  of  arch  = 9.7154718.60  — 

Half  the  side  P  ♦  =      .    33?40!57''.76    Log.  si.  =    9.7439746.67 


The  whole  side  P  *=  .  67?2i:55".52;  which  is  the  co-declination 
of  the  given  star,  or  its  north  polar  distance ;  hence,  the  declination  of 
a  Arietis  is  22?38:4".48,  north. 


\ 


Now,  in  the  oblique  angled  spherical  triangle  N  P  4^  ;  the  three 
sides  are  given,  and  the  angle  N ;  to  find  the  angle  P  =  the  arc  R  Q ; 
r  the  sum  of  the  star's  right  asce;ision  and  90  degrees. 
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Hence^  by  spherical  trigonometry.  Problem  h,  page  19B, 

Ajb  the  side  J?^^  .  .  67 ?21 : 55" .  52  Log.  co-sec.  10. 0848085. 84 
Is  to  the  angle  P  N  xt  =>  54. 46. 1 1  .  38  Log.  sine^^  9. 9121376.70 
So  U  the  aide  N  «  ==     .    80.   2.28  .52  Log.  siQe=    .9.9934065.06 


Tothesup.ofang.NP*=60?39:i2\38  Log.  8ine=     9.9403527.62 


Hence,  the  ang. N  P  4c is^rl  19?20:47''. 62  =  the  arc  R  Q  ^  from  which 
take  the  arc  <r  Ct^  90  degrees  ;  and  the  remaining  arc  nr  R^ 
29?20M7^-62,  is  the  star's  right  ascension. — ^l^he  apparent  right  as- 
cension of  fit  Arietis,  on  the  given  day  was,  therefore,  29?20^47''.62, 
and  its  declination  22?38:4".48  north. 

Now,  from  the  above  Problem,  the  folloiving  General  Rule  Im  de- 
duccid  for  computing  the  right  ascension  and  declination  o(  a  celestial 
object,  viz. :—  • 

Find  the  difference  between  the  objeict's  longitude  and  three  signs 
(®)  or  90  degrees.*  Then,  to  twice  the  logarithmic  sine  of  half  this 
difference,  add  the  logarithmic  sines  of  the  object's  distance  from  the 
north  pole  of  the  ecliptic,  and  of  the  obliquity  of  the  ecliptic  ;  from 
half  the  sum  of  these  three  logarithms  subtract  the  logarithmic  sine  of 
half  the  difference  between  the  obliquity  of  the  ecliptic  and  the  ofageci'i 
ecliptic  polar  distance,  and  the  remainder  will  be  the  logarithmic  tang. 
,  of  au  arch ;  tlie  log.  sine  of  which  being  subtracted  from  the«4ialf  sum 
of  the  three  logarithms,  will  leave  the  logarithmic  sine  of  an  arc,  the 
double  of  which  will  be  the  object's  distance  from  the  north  pole  d 
the  equator  : — now,  the  difference  between  tliis  distance  and  90  de- 
grees will  be  the  declination  of  the  object ;  which  will  be  iu>rth  wbea 
the  first  term  is  less  than  the  latter ;  otherwise  south. 

To  find  the  Right  Ascension  : — 

To  the  logarithmic  secant  of  the  object's  declination,  add  the  loga- 
rithmic sine  of  the  difference  between  its  longitude  and  90  degrees,* 
and  the  logarithmic  sine  of  its  distance  from  the  north  pole  of  the 
ecliptic  ;  the  sum  of  these  three  logarithms,  abziting  20  in  the  index, 
wilt  be  the  logarithmic  sine  of  an  arch,  which  being  subtracted  from  90 
degrees,  will  leave  the  object's  correct  right  ascension  when  its  longi* 


*  la  all  CBsw,  wl«iiev«r  tbif  dUbfpenct  exceed!  ISa  degree^  fit  jmlWenbtnelidftMi 
360  degrees. 
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t  tude  is  less  than  3  signs  or  00  degrees ;  but  which  is  to  be  increased 
by  180  degrees  when  the  longitude  is  between  6  and  9  signs,  or  between 

^   ]80  and  270  degrees.     Again,  if  the  longitude  is  between  3  signs  and 

'  6  signs,  that  is,  between  90  and  180  degrees,  the  arch,  so  found^  is  to 
be  augmented  by  90  degrees ;  but,  if  the  longitude  lies  between  9  and 

'  l^  signs,  viz.,  between  2/0  and  360  degrees,  it  is  to  be  augmented  by 
270  degrees ;  in  either  case  the  correct  right'  ascension  of  the  object 
will  be  obtained,  which  may  be  converted  into  time,  if  necessary,*  by 
Problem  I.,  page  842, 


Example* 

The    apparent  longitude  of   Aldebaran,   August    3rd,    1825^   was 
9;7-21 '  18'\4,  and  its  latitude  5?28:45r  south  ;  required  its  apparent 
I  right  ascension  and  declination,  the  obliquity  of  the  ecliptic  being 
23?27'42".875? 

,  AWebaran's  longitude=  .     .    67 ^21  MS* .  4 


f   Difference  to  90  degrees  =   ,    22?3a:41*'»6 


The  half  of  which  is=  .  .  11?19^20\8  TwXaine  18.685974 
Aldebaran's  ecliptic  polar dis.=95.  !28. 45  .0  Log.  sine  9. 99801 1 
Obliquity  of  ecliptic  =     .     .     23. 27-  42  .  875Log.  sine      9. 600035 


Sum=:    S8. 184020 


IMfference  betw.ob.  of  cclip.and 


starts  eclip.  polar  distance =72?  1^2".  125Half  S.  =    19. 092010  -f 


Hiafditto=     %    ,    .    ,    .    36?  O'.ar.OeaiiOg,  sine  .  9.760309 


Arckrs 11.59.2)  .27  Lo9.ui«.=aaaa70i 

Log.  sine  of  arch,  subtract  from  ■■ 

half  sum  of  logs.  = « 9.313310  — 


Afe=     .......    3e?56f27^.3    Log.  8Jne=  9.77^00 


Twice  the  arc=  .  •  .  .  73  ?50 :  54'' ,  6  j  which  U  Aldebaran^s  dis- 
tance from  the  north  pole  of  the  eqjoator  ;  hence  its  d^Iination  & 
I6?9t5^4nortB• 
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To  find  the  Right  Ajcension  >— 

Declination  of  Aldebaran=    .  16?  9^  5".  4  Log.  secants  iO.OlTttO 

DifF.  bet.  long,  and  90  deg.  =     22. 38. 41  .6  Log.  sine  =  9. 585481 

Aldebarau's  ecliptic  P.  di6t.==  95.28.45  .0  Log.  sine  =  9.998011 

Arch= 23?d0r58\3  Log.  8iner=  9.60QBB 


Aldebaran's  right  ascensions  66?29:  l". 7,  or  4?35T56?  1. 

Hence,  the  right  ascension  of  the  star  Aldebaran  is  4t25T56'«l^aod 
its  declination  16^9^5'".  4  norths  as  required. 

^o/e.-*-In  the  same  manner  may  the  right  ascensions  and  dedinalaon 
of  the  moon  and  planets  be  deduced  from  their  respective  latitudes  and 
longitudes. 


Problem  III. 

Given  the  Latitudes  and  Longitudes  of  the  Moon  and  Sun,  Moon  tmi 
fixed  Star,  or  Moon  and  Planet ;  to  find  the  true  Central  Distance 
between  them. 

JiJoie.^-li  this  Problem  be  projected  stereographically  on  the  plane 
of  the  circle  of  longitude  passing  through  one  of  the  objects,  it  will  be 
found,  in  every  respect,  like  Problem  XXIV.,  page  273,  of  "The- 
Young  Navigator's  Guide  to  theSidereal  and  Planetary  Parts  of  Nauti- 
cal Astronomy ;"  reading,  however,  difference  of  longitude  for  differ- 
ence of  right  ascension,  and  ecliptic  polar  distahces  for  polar  distances: 
— hence,  it  is  evident  that  there  is  a  spherical  triangle  to  Work  io, 
whore  two  sides  and  the  included  angle  are  given  to  find  the  third  si^, 
or  central  distance  between  the  objects,  and  which  may  be  computed 
by  the  following 

General  Rule. 

To  twice  the  logarithmic  sine  of  half  the  difference  of  longitude  be- 
tween the  two  objects,  add  the  logarithmic  co-sines  of  their  latitudes ; 
from  half  the  sum  of  these  three  logarithms  subtract  the  logarithmic 
sine  of  half  the  difference  or  half  the  sum  of  the-latitudes,  according  as 
they  are  of  the  same  or  of  contrary  names ;  thef  remainder  will  be  the 
logarithmic  tangent  of  an  arch,  the  logarithmic  sine  of.  which  being 
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subtracted  from  the  half  sum  of  the  three  logarithms,  will  leave  the 
logarithmic  sine  of  half  the  true  central  distance  between  the  two 
given  objects.- 

Example  1. 

September  3rd,  1B25,  the  moon's  apparent  longitude,  at  noon,  was 
I !  16?  19^29:,  and  her  latitude  2?33r30r  north ;  at  the  same  time  the 
apparent  longitude  of  Pollux  was3?20?48^38r,  and  its  latitude  6?40^  19r 
north ;  required  the  true  central  distance  between  those  two  objects  ? 

Longitude  of  PoUuxs     .  II(>?48r38r 
Longitude  of  the  moon=      46. 19. 29 


Difference  of  longitudes      64?29r  9r 


The  half  of  which  i8=  .  32?14:34irTw.thelog.si.=:  19. 454285 
Latitude  of  Pollux^  .  .  6. 40. 19  N.  Log.  co-sine^  9.997049 
Latitude  of  the  moon=   .      2.33.30  N.  Log.  co*sine=:  9.99956/ 


Sum=  39.450901 


Difference  of  latitudes    .      4?  6^49?  Half  sum=?    .     19.725450^  + 


Half  differtace=    .    .     .      2?  3:24 j^f Log.  sines    .      8.5549774 


Archsr 86?  8air  Log.tang.=:  .    11.170473 

Log.  sine  of  arch,  subtract 


from  half  sum  of  log8.=& 9.999012— 

Hiilf  true  dUtance=^    .    .    32?11 :  4r  Log.  sine=    .      9.726438i 

Hence  the  true  central  distance  between  the  moon  and  Pollux,  at 
ttie  given  time,  was  64?22:8T ;  which  corresponds  exactly  with  the 
computed  distance  in  the  Nautical  Almanac. 

iVo/e.— It  is  evident  that  the  same  result  will  be  obtained  by  making 
use  of  the  right  ascensions  and  declinations  of  the  objects. 
■    The  true  central  distance  may  be  readily  found  by  the  formula  under 
Jtmark  3,  page  304. 

Example  2. 

August  4th,  1825,  the  moon's  apparent  longitude,  at  noon,  was 
0!14?18:82r,  and  her  latitude  4?38:4ir  north  ;  at  the  same  time  the 
son's  loDf^tude  was  4!11?43'46?  j  required  the  true  central  distance  ? 
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Note. — Since  the  sun  apparently  mdres  in  the  ecliptic^  lie  faasj  tfaeie- 
fore,  very  little,  or  no  latitude. 

Moon's  longitude  =  14?13:32r 
Sun's  longitude  =    131.43.46 


Differenceof  long.rr  117?30^  W  this  divided 

by2give8  58!45:  71^  Twice  the  L-iine^  19. 863860 
Moon's  lat.  4.38.41  N.  Log.  co-sine  =  9.9985/] 
Sun's  lat.=    0.   0.   0        Log.  co-sine  s  10. 000000 


Sum  =     ...  39. 862431 


Diff.  oflat.  =  4?38Mlr  Halfsum=       .  19.931215i         19.9312I5| 
Half  ditto  =  2?19^20irLog.  sine  =       .    8.6(^688 


Arch=      .  87^16^55^  Log.  tang.  =     .  11.323527iL.sin.9. 999511 


Hf.req.dis.68?42'10irLog-8ine= 9.931704} 

Hence,  the  true  central  distance  between  moon  and  sun  is  1 17?24'2K; 
which  corresponds  with  that  in  the  Nautical  Almanac. 


Bemark.^^S\\\ce  the  co-latitudes  of  the^sun  and  moon  and  the 
prehended  angle  (expressed  by  their  diiFereuee  of  lougitude,)  form  a 
quadrantal  spherical  triangle ;  therefore  the  true  central  distance  be- 
tween these  particular  objects  may  be  more  readily  determined  by  tiie 
following  concise  method  than  by  the  above  general  Rule,  viz.. 

To  the  logarithmic  co-sine  of  the  difference  of  longitude,  add  the 
logarithmic  co-sine  of  the  moon's  latitude ;  the  sum  of  thieae  two 
logarithms,  abating  10  in  the  index,  will  be  the  logarithmic  co-sine  of 
the  true  central  distance  between  the  sun  and  moon. 


Example  1. 

August  6th,  1825,  the  moon's  longitude,  at  noon,  was  l'.8^0'.34% 
and  her  latitude  3? 23 '201'  north;  at  the  same  time,  the  sun's  longitude 
was  4!  I3?38^46^  ;  required  the  true  central  distance  } 
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Moon's  longitude  =     38?  0134^ 
Sun's  longitude  =      133. 38. 46 


Difference  of  long.  =  96  ?38a2r  Log.  co-sine  =      .    .     .8.992199 
Moon's  latitude  =     .    3. 23. 20    Log.  co-rsiue  =      .     •     .9. 999240 


IViie  central  distance  ==95?37'd6r  Log.  co-0ine  =»      ...  8.991499 

which  is  precisely  the  same  as  that  given  in  the  Nautical  Almanac. 

Example  2. 

August  7th,  1825,  the  moon's  longitude,  at  noon,  was'  lf20?4^42l', 
and  her  latitude  2?30'42''  north;  at  the  same  time  the  sun's  longitude 
was  4i  14?36'  18T ;  required  the  true  central  distance  ? 

Moon's  longitude  =-    50?  4^42? 
Sun's  longitude  =      134. 36.'  18 


Difference  of  long.  =  84?31 :36r  hog.  co-sine  =r    .    .    «    8. 979468 
Moon's  latitude  =     .    2. 30. 42    Log.  co-sine  =:=.,.    9. 999583 

True  central  dist.  =    84?31 :55r  Log.  co-sine  ==     .     .     .    8.97^051 

which  exactly  corresponds  with  the  computed  distance  ia  the  Nautical 

Almanac. 

Example  3. 

Required  the  true  central  distance  between  the  oiojn  aiid  sun  at 
noon,  August  8th ;  at  midnight,  August  8th  ;  at  noon,  August  9th,  and 
at  midnight,  August  9tb^  1825  ? 

Moon's  long,  noon  Aug.  8th.  =  62?22:38^ 
Sun's  longitude  ditto  =       .     .  135.33.51 


Difference  of  longitude  =  .     .    73?ll'13r  Log.  co-8ine=  .9.461273 
MooB>  latitude  =     ....      K  30.  9    Log.  co-sine  =:  9.999651 


Distance  at  noon,  Aug.  8th  =     73?  11  '34''  Log.  co-sine  =  9. 461 124 


Moon's  long.  mid.  Aug.  8th  =     68?38120r 
Sun's  longitude  ditto  =      •     .  13&  2«  38^ 


Difference  of  longitude  =:       .    67  ?24'.  18KLog;  co-aine  s  9. 584572 
Moon'a  latitude  A     ....      0..57.38    Log.  co^sikie  at  9. 999939 


DUt.  at  mldiughty, Aug.  8th.m    tfr^ai^Si?  log.  ooHiuie«  9. 58451 1 
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Moou'8  long,  noon,  Aug.  9th=     74?&9^  18^ 
Sun's  longitude  ditto  =      .     .  136.31.26 


Difference  of  longitude  =  .    .    6i?32^  8r  Lc^.  co-sine  ==  9.^166 
Moon's  latitude  s     .    •    .    •      0. 23. 49    Log.  co-sine  =  9. 999990 


Distance  at  noon^  Aug.  9th  =    61?32'lir  Log.  co-sine  =  9.678156 


Moon's  long,  at  mid.  Aug.  9th  =  81  ?25 '  59' 
Sun  *s  longitude  at  ditto  =       .  137.   0.14 


Difference  of  longitude  =      .    55?34'15T  Log.  co-sine  =  9.752346 
Moon's  latitude  =     .    .     .     .      0. 10. 42    Log.  co-sine  =  9. 99999B 

Distance  at  midnight,  Aug.9th=55?34H6T  Log.  co-sine  =  9.7o3344 

Now,  from  these  four  consecutive  lunar  distances,  the  distances  it 
iheintermediate  periods,  or  every  third  hour,  may  be  readily  determined 
in  the  following  manner,  viz. :— > 

Find  the  proportional  parts  of  the  difference  at  the  middle  internil 
between  the  four  distances  (that  is,  between  the  second  and  third  dis- 
tances,) answering  to  3  hours,  6  hours,  and  9  hours  :  dorrect  these  pro- 
portional parts  by  the  equation  of  second  differences,  agreeably  to  tbe 
rule  given,  for  that  purpose,  in  page  35  ; — then,  these  corrected  pro- 
portional parts  being  applied  to  the  second  lunar  distance  by  additioo 
or  subtraction,  according  as  the  distances  are  increasing  or  decreasiiif, 
the  sum  or  difference  will  be  the  true  distances  at  the  given  periods : 
—thus, 

Aug.  8,  1825,  dis.  at  N.=  73m:34ru,^y,  g^ 

Ditto  ...  do.  atM.=  67*24. 31.  i  c  en  90  ino:;M7'' 
Aug.9,     .     .do.  at  N.=  61.32.11.  |^-^;-t^  {J^^ 
Ditto  ...  do.  atM.=  55.34. 16.  }  *   '    * 

The  proportional  parts  of  5?52:20r  (the  middle  first  difference) 
answering  to  the  intermediate  periods,  viz. :— • 

To  3  hours  it  is  rs l?28f  ST) 

Equation  of  second  difference  ^  .    .    .         —  81 

Proportional  part  corrected  =      ...     1?27'84T 
Distance  at  midnight,  Aug.  8th  s     .    •  67. 24. 81 


Distance  at  16  hours^  Aug.  8th  »     .    •  65?66:67^ 
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To6hour8iti8= 2^56^0? 

Equation  of  second  difference  =  .    .     •  —  41 


Proportional  part  corrected  s       ...    2?55'.29^ 
Distance  at  midnight^  Aug.  8th  =     .     .  67. 24. 31 


Distance  at  18  hours^  Aug.  8th  ==     .    .  64?29:  2r 

And  to  9  hours  it  is  = 4?24a6r 

Equation  of  second  difference  =       .     •  —  31 


Proportional  part  corrected  ^       .     .     .    4?23'441' 
Distance  at  midnight^  Aug.  8th  =    .     .  67*  24. 31 


Distance  at  21  hours,  Aug.  8th  =.     .  63?  0^47'!' 

The  distances  for  the  intermediate  periods  corresponding  to  the  first 
Riid  to  the  last  12  hours  ;  that  is,  for  every  third  hour  between  the  first 
ind  second  distances,  and  between  the  third  and  fourth  distances,  may 
be  alflo  very  readily  determined  by  means  of  the  Formulfi^  which  are 
piven  in  page  1 17  of  the  Nautical  Almaiiac  for  1825. 


9OL.UTI0N  OF  PROBLEMS  RELATIVE  TO  FINDING  THE 
MEAN  TIMES  OP  THE  RISING  AND  SETTING  OF 

THE  CELESTIAL  BODIES. 

Problem  I. 

Given  the  bay  of  the  Month j  the  Latitude  of  a  Place,  and  the  Height  of 
the  Eye  above  the  Level  of  the  Horizon :  to  find  the  mean  limes  of 
the  Sun*s  Rising  and  Setting. 

Rule. 

Let  the  sun's  declination,  at  noon  of  the  given  day,  be  reduced  to  the 
meridian  of  the  given  place,  by  Problem  XIV.,  page  357,  then,  to  the 
logarithmic  tangent  of  this  reduced  declination,  add  the  logarithmic 
tangent  of  the  latitude ;  and  the  sum  (abating  10  in  the  index)  will  be 
^e  logarithmic  co-sine  of  an  arch  ;  which,  being  converted  into  time, 
ymU.  be  the  approximate  time  of  the  sun's  rising,  and  its  difference  to 
12  hours  will  be  that  of  the  sun's  setting,  the  latitude  and  the  declina- 
'tion  being  of  the  same  name ;  but  if  these  elements  be  of  contrary 
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names,  the  above  arch,  reduced  into  time,  will  be  the  approximate  time 
of  the  sun's  setting,  and  its  complement  to  12  hours  that  of  the  smi'i 
rising.  Increase  the  time  of  rising  by  12  hours,  and  it  will  be  the  time 
of  rising  past  noon  of  the  preceding  day. 

Reduce  the  approximate  times  of  rising  and  setting,  thus  found,  to 
the  correspondent  times  at  Greenwich,  by  Problem  III.,  page  342;  to 
which  times,  respectively,  let  the  sun's  declination  be  reduced,  by 
Problem  XIV.,  page  35/,  then. 

To  the  aggregate  of  90  degrees,*  the  horizontal  refractioD,t  and  the 
dip  of  the  horizon,  diminished  by  the  sun's  horizontal  paraUax,]*  add 
the  sun's  polar  distance,  and  tlie  co-latitude  of  the  plac^  of  observa- 
tion :  take  half  the  sum ;  the  difference  between  which  and  the  fint 
term,  call  the  remainder. 

Now,  to  the  logarithmic  co-secants,  less  radius,  of  the  polar  distance, 
and  the  co-latitude,  add  the  logarithmic  sines  of  the  half  sum,  and  of 
the  remainder :  half  the  sum  of  these  four  logarithma  will  be  the 
logarithmic  sine  of  an  arch ;  which,  being  doubled,  and  converted  into 
time,  will  be  the  apparent  time  of  the  sun's  rising.  In  the  same  iiHHMr 
the  apparent  time  of  the  sun's  setting  is  to  be  computed  ;  but,  ia  tUl 
case,  the  half  sum  of  the  four  logarithms  is  to  be  eonndered  0 1 
logarithmic  co~sine. 

Note. — Since  the  refraction  and  the  dip  of  the  horizon  affect  the 
rising  and  setting  of  a  celestial  object  in  ihe  same  manner^  by  causim 
tlie  object  to  appear  a  little  earlier,  and  to  continue  a  hitle  Utter,  abofC 
the  true  horizon;  and  since  the  parallax  affects  the  object  in  iC  eotstranj 
manner,  by  depressing  it  below  the  /»t/e  horizon  ;  therefore,  the  sum  of 
the  two  first  terms,  minus  the  last  term  added  to  90?,  gives  the  tiearA 
distance  of  the  sun  at  the  moment  of  4ts  rising  or  setting.  Noir,tiie 
sun's  zenith  distance,  thus  found,  his  polar  distance,  and  the  co-latitude 
of  the  place  of  observation,  form  the  three  sides  of  a  spherical  trian^j 
in  which  the  angle  opposite  to  the  zenith  distance  is  required ;  tpd 
which  is  to  be  found  by  Problem  V.,  page  207  • — then,  this  being  con- 
verted into  time  by  Problem  II.,  page  342,  the  result  will  be  the  ap- 
parent time  of  the  sun's  rising  or  setting,  as  the  case  may  be)  which 
is  to  be  converted  into  mean  time  by  applying  thereto  the  equation  of 
time,  according  to  the  directions  given  in  page  I.  of  the  Month  in  the 
Nautical  Almanac. 


*  The  8im*a  distance  from  (he  zenith  when  his  centre  U  in  the  horixon. 
t  The  horizontal  refraction  of  a  celestial  object  is  33  minutes  of  a  degree* 
X  The  sun's  horizontid  parallax  is  aboat  9  seconds. 
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Example. 

Required  the  mean  tim^fi  of  the  sun's  rising  and  setting,  July  13th, 
1836,  in  latitude  50?48^  north,  and  longitude  120?  west  j  the  height  of 
the  eye  above  the  level  of  the  sea  being  30  feet  ? 
Sun's  declin.  at  noon, 

July  13th  =    .     .     .  21?49:  0^  N. 
Cor.forlon.l20?W.Tft.XV.-3.  0 


Sun's  reduced  declin.  =  21?46^  Of  N.  Log.  tangent: 
Latjof  the  ship  or  places:  50. 48*  0    N.  Log.  tangent: 


.  9.601206 
10.0SB633 


Arch= 60?4i:i2'/         Log.  co-sine=     .    .9.689^9 


Approximate  time  of  Q's 
rising,  A«iif.  =  .    •      4*  2T45! 


Do. paat noon, July  I2th  16t  2745  f 
r.iaO?W.,inti.=  +8.   0.   0 


Gfttenvich     time   past 
noon,  July  13th  =     .  0*  2?45f 

Sun's  declin.  at  noon, 

July  13th  =     .     .  21?49'  OrN. 
Corr.  f6rO*2T45f  =      -0.    1 


©•sdecat  ti.of  ris.=21  ?48  ^59rN. 
Equation  of  tim^  at  ri8ing=5T22? 
additive. 


Apx.  ti.  of  sun's  setting 
past  noon,  July  13th  s  7*57*^16  • 
Long.l20?W.inti.=   +8.  0.  0 


Greenwich    time    past 
noon,  July  13th  =       15*57?15! 


Sun's  declin.  at  noon, 
July  13th  «     .     .  21  MQ:  OrN. 
Corr.forl5*57"15 '.  =     -5. 59 


0'sdec.atti.of6ett.=21?43:   1^'N. 
Equa.  of  time  at  set;ting  =  6^27- 
additive. 


To  find  the  Mean  Time  of  the  Sun's  Rising. 

9O?+33:+5a6r-9r  =  0'szen.dist9O?38:  6^ 

Sun's  north  polar  distance  =     .     .  68.  1 1.    1  Log.co-sec.: 

Co-latitude  of  the  ship  =       .     .     .  39. 12.   OLog.co-sec. 


0. 032274 
0.199263 


Sum= 198?  1^  7'' 


Half  sum  «  *    .......    .  99?  0:33ir  Log.  8ine=9. 994609 

Remainder  = 8.22.27i    Log.  sine=9.  J63279 


Sum=     .     .     .  19.389425 


Aich 


•    « 


29?40^40^   Iiog.8iae=9.6047l2i 


tr\ 


Arek 


or 
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29?40f40r 


•        •        • 


Arch  doubled^ 59?21^20r=3»57r25fapp.ti^ 

Bqiurfion  of  time  at  sun'g  rising  = +6.22 

Mean  time  of  the  sun's  rising  =      .... 


4t  2T47'  A.M. 


To  find  the  Mean  Time  of  the  Sun*s  Setting. 


Sun's  zenith  distance  =s 
Sun's  north  pohir  distance 
Co-latitude  of  the  ship  = 


.  90?38f  6r 

68. 16. 59    Log.  co-secant: 
.  39. 12.  0    Log.  co-secant' 


:0. 081974 
0.199281 


Suni  = 


198?  7'  5 


Half  sum  = 99?  3!32irLog.  sine=      .9.994549 

Remainder  =       ....         8. 25. 26^  Log.  sine  =      .  9. 165831 


Sum=     .    .    .  19.391617 


Archs= 


•     •     .     • 


60?14^23r  Log.  co-sine  =  9.0968081 


Arch  doubled  :r=     .     .     .        120?28^46rr=8nr55!  appar.  time  p.if. 
Equation  of  time  at  sun's  setting  =     .     .      +5. 27 


Mean  time  of  the  sun's  settings       .     .    8?7T22!  p.m. 

Hence  the  correct  mean  time  of  the  fiun's  rising  is  4t2T47'  Ajr-y 
nautical  time,  or  I6^2'!'47!  past  noon,  July  12th  ;  and  the  mean  time 
of  the  sun's  setting  is  8*7"22f  past  noon,  July  13th,  as  required. 

See  Remark,  page  126,  relative  to  the  effects  of  Refraction,  &c.  &c. 


Problem  II. 

Given  the  Latitude  of  a  Pldce^  and  the  Height  of  the  Eye  above  the 
Level  of  the  Horizon ;  to  find  the  mean  Times  of  the  Moon's  Bism§ 
and  Setting. 

Rule. 

Reduce  the  mean  time  of  the  moon's  transit  at  Greenwich  to  the 
meridian  of  the  given  place,  by  Problem  XL,  page  352.--<;onvert 
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this  into  Greenwich  time  by  Problem  III.,  page  342 ;  to  which  let  the 
moon's  horizontal  parallax  be  reduced,  by  Problem  XV.,  page  361,  and 
her  declination  by  Problem  XVI.,  page  364. 

To  90  degrees,  diminished  by  the  diflference  between  the  moon's 
horizontal  parallax  and  the  sum  of  the  horizontal  refraction  and  the 
dip  of  the  horizon,  add  the  moon's  polar  distance  and  the  co-latitude 
of  the  given  place.  Find  the  difference  between  half  the  sum  and  the 
first  term,  which  call  the  remainder. 

Now,  to  the  logarithmic  co-secants,  less  radius,  of  the  polar  dis- 
tance, and  the  co-latitude,  add  the  logarithmic  sines  of  the  half  sum 
Mtd  of  the  remainder :  half  the  sum  of  these  four  logarithms  will  be 
the  logarithmic  co-sine  of  an  arch ;  which,  being  doubled,  and  con-, 
verted  into  time,  will  be  the  moon's  approximate  semi-diurnal  arc:  this 
being  subtracted  from  and  added  to  the  reduced  time  of \he  mooit' 
transit,  the  respective  approximate  times  of  her  rising  and  setting  will 
be  obtained. 

-  Reduce  the  approximate  times  of  the  moon's  rising  and  setting,  thus 
fbund,  to  the  correspondent  times  at  Greenwich,  by  Problem  III.,  page 
842 }  to  which  times,  respectively,  let  the  moon's  horizontal  parallax 
and  declination  be  agfun  reduced  by  the  above-mentioned  Problems.-— 
Then, 

With  90  degrees,  diminished  as  be/ore,  the  moon's  respective  polar 
distances,  and  the  co-latitude,  compute  the  approximate  semi-diurnal 
arcs  corresponding  to  the  times  of  rising^and  setting. 

Find  the  proportional  part  of  the  daily  variation  of  the  moon's 
tranait  answering  to  each  semi-diurnal  arc^  and  24  hours  augmented  by 
the  variation  of  transit,  by  Problem  XI.,  page  352,  in  the  same  manner 
as  if  it  were  the  reduction  of  transit  to  a  different  meridian  that  was 
under  consideration.  Now,  these  proportional  parts,  being  added  to 
their  corresponding  semi-diurnal  arcs,  will  give  the  true  semi-diurnal 
arcs  at  the  times  of  the  moon's  rising  and  setting  :  the  former  being 
subtracted  from  the  reduced  time  of  transit,  and  the  latter  added 
thereto,  the  respective  mean  times  of  the  moon's  rising  and  setting  will 
be  obtiuned.  ^ 

Note. — Since  the  moon's  horizontal  parallax,  which  depresses  her 
bdpw  the  level  of  the  true  horizontal  plane,  causes  her  to  be  several 
nunutes  (at  certain  times  and  places  nearly  half  an  hour)  later  in  rising 
and  earlier  in  setting  ;  and  since  the  value  of  the  horizontal  parallax  is 
always  greater  than  the  combined  effects  of  refraction  and  dip  of  the 
horizon,  which  have  a  direct  tendency  to  make  her  rise  a  little  earlier 
and  to  set  a/«tt;  ndnutes  later;  therefore,  if  90?  be  augmented  by  the 
horizontal  refiraetion  (33:)  and  the  value  of  the  dip  of  the  horizon; 
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and  theD  diminished  by  the  horisconUl  parallax  ;  the  result  will  be  tk 
moon's  correct  zenith  distance  at  the  instant  of  her  rising  or  setting. 

Hence,  we  have  an  oblique-angled  spherical  triangle^  in  which  the 
three  sides  are  given ;  to  find  the  angle  opposite  to  the  zenith  disjunct;, 
as  stated  in  the  Note  to  Problem  I.,  page  594. 

Respecting  the  nature  and  the  effects  of  the  moon's  horizontal  pi- 
rallax^  see  the  Articks  between  pages  29  and  34. 

Example. 

Required  the  mean  times  of  the  moon's  rising  and  setting  on  the  lit 
of  January,  1836,  in  latitude  51?28M0t'  north,  and  longitude  7S* 
west ;  the  height  of  the  eye  above  the  level  of  the  horizon  being  30  feet? 

To  reduce  the  Time  of  the  Moon's  Transit  to  the  given  Meridian. 

24  hours  +  retardation  50T  =  24?50T  Prop.  log.  ar.  comipus  9.13QB 
Daily  retardation  a  •  ...  0. 50  Prop,  logarithm  ^  «  0.  &fi6S 
Longitude  7&^  W^  in  time  »      6.  0    Prop,  logarithm  ^      .  I.&5fi 


Corrections:      : +10?  4!  Prop.  log.  s      1.8KN 

Moon's  transit,  per  Naut.  Aim.  =    10.22.42 


Time  of  ]>  's  trans,  at  given  places  10^32?46!  :-^See  Example^  p.3fi& 
Long,  of  given  place,  in  time  =      +5.  0.  0 


Greenwich  time  =  •  •  .  •  •  15^32746' — Now,  the  moon's  hoii* 
zontal  parallax  reduced  to  this  time  is  54^3Tj  and  her  dedinatios 
24?58:i8r  North. 

To  find  the  Approximate  Hmes  of  Rising  and  Setting. 

90?-64<3r+33f0r+5a5r«  89^44^2^ 

Moon's  north  polar  distance  s:  66.    1.42    Log.  co-secant  as  0.042tt4 

Co-latitude  of  the  ship  =>    .     .  38. 31 .  20    Log.  co-seCfmt  s  0. 206(BI. 


Sum= 193?17'14r 


Half  sura  = 96r38r37f  Log.  sine=     •    9.9970/4 

Remamders  ......    6.54.25    Log.  sines     .    9.080111 


-      -A 

Sums     ....     19.326448 

L- 


Arch^       ......    .  6?f86^55rLog.  co-slnes    9.802794 

\ 


v  / 


\  ->- 
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;h=: 


62f36C55 


// 


J approx. semi-diurnal arc=125?  13^ 50r  =8* 20T55'.    .     .  8*20r55! 
ac  of  D  '8  transit  at  given  place  =    .     .  10. 82. 4^    .      10. 32. 44 


proximate  time  of  moon's  rising  =        .     2*  llT^'  Setg.l8*53r39? 
igitude  of  the  given  place,  in  time  =s    .     5.   0.   0  5.   0.    0 


jeawich  time  of  moon's  rising  =     .     .     7-11  ri§f?  Setg.23*53T39: 

•low,  the  mooifs  horizontal  parallax  reduced  to  the  Greenwich  ap- 
ximate  time  of  rising  is  54 '0^;  and  her  declination  24?  14^53^ 
th ;  and  the  same  elements  reduced  to  the  approximate  Greenvrich 
e  of  setting  are  54^6T,  and  25?33'40^  respectively. 


To  find  the  correct  Mean  Time  of  the  Moon's  Rising. 


-54^0r+33fOr-f5U6r 
cm'i  north  polar  distance: 
of  the  ship  =s 


?44!15r 
65. 45.   7    Log*  oo-secant 
38. 31 .  20     Log.  co-secant 


0.040112 
0.205639 


(I 


194?^  0^42r 


fsimi=^ 97?  0^21  r  Log.  Bine  =    .    .9.996745 

Datnder=      ....        7*  16.   6    Log.  sine  =    .     .9.102146 


Sum 


.     .     .  19.344642 


h= ei?57^  or  Log.  co-sine  ==      9.672321 


li-diornal  are »    •    .    .  ia3?64r  Or ;  ia  time=    .     .    8M5r36! 
iaikm  of  tranait  in  24  hours  is  50r  3  the  proportional  part 
fwWcbanaw€riiigto8U5-36!  is +16?38! 


rcct  semi-diurnal  arc,  in  mean  time  = 8*32T14! 

in  time  of  moon's  transit  at  given  place  =      •     .     •     .  10. 32. 46 


rcct  mean  time  of  the  moon's  rising,  as  required  =       .    2t  0?32r 
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To  find  the  correct  Mean  Time  of  the  Sun's  Setting. 


90?--54'6r+33r0r+5:i5f=89?44f  9r 
Moon's  north  polar  distance =64. 26. 20    Log. 
Co-latitude  of  the  ship  =      .  38. 31. 20    Log. 


-0.044731 
s0.2Q56S9 


Siim= 192?4i:49 


Half  sum  = 
Bemainder  = 


96?20:34irLog.  sine 
6. 36. 45^  Log.  sine 

Sum=     . 


.    9.997329 
.    9.06128B 

19.aOBBBB 


Arch  =    • 


63nO:i5:Log.  co-sines::   .    9.6&4494i 


Semi-diurnal  arc  =    .     .     .  126?20!30r  ;  in  time  =      .         8!35?22: 
Variation  of  D  's  transit  in  24  hours  is  &0? ;  the  proportional 
part  df  which  answering  to  8i25T22!  is  =     •    •.    •    •     •    +16TSIi 


Correct  semi-diurnal  arc,  in  mean  time  =s 
Mean  time  of  moon's  transit  at  given  place  = 


8*42rl9? 
10.32.46 


Correct  mean  time  of  the  moon's  setting,  as  required  =s     •  19!  15?  51 


Remark. — From  the  above  Problem  the  manner  of  finding  the  meao 
times  of  the  rising  and  setting  of  a  planet  will  appear  so  obvious  as  not 
to  require  being  elucidated  by  an  example  ;— -and  so  will  the  method 
of  finding  the  mean  times  of  the  rising  and  setting  of  a  fixed  stir; 
omittujg,  however,  the  parts  u'hicli  relate  to  horizontal  parallax,  and 
to  the  reduction  of  declination  at  the  approximate  iime$  of  rising  and 
setting: — for  the  fixed  stars  have  not  any  sensible  parallax;  and  their 
declinations  may  be  esteemed  as  being  invariable  during  the  inteml 
betwixt  the  times  of  rising  and  setting  in  any  part  of  the  world. 
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Problem  III. 

,Given  the  Latitude  and  Longitude  of  a  Place,  and  the  Day  qf  the  Month  ; 
to  find  the  Time  of  the  Beginning  and  of  the  End  of  TwiUght,  and  the 
Length  of  its  Duration. 

Rule. 

Reduce  the  sun's  declination^  at  the  midnights  preceding  and  follow- 
ing the  noon  of  the  given  day^  to  the  meridian  of  the  given  place,  by 
Problem  XIV.,  page  357,  then, 

Add  together  the  constant  quantity  106  degrees,*  the  sun's  polar 
distance,  and  the  co-latitude  of  the  given  place :  take  half  the  <8um ; 
the  difference  between  which  and  the  constaut  quantity  call  the  re^ 
fnainder.    Now, 

To  the  logarithmic  co-secants,  less  radius,  of  the  polar  distance,  and 
the  co-latitude,  add  the  logarithmic  sines  of  the  half  sum  and  of  the 
remainder:  half  the  sum  of  these  four  logarithms  will  be  the  loga- 
rithmic sine  or  logarithmic  co-sine  of  an  arch ;  which,  being  doubled, 
and  converted  into  time,  will  be  the  apparent  time  of  the  beginning  or 
of  the  end  of  twilight  accordingly.    • 

Compute  the  apparent  times  of  the  sun's  rising  and  eietting,  by 
■Problem  I.,  page  593 ;  then,  the  interval  between  the  time  of  the  com- 
mencement of  twilight  and  that  of  suii  rising,  will  be  the  duration  of 
the  morning  twilight ;  and  the  interval  between  the  time  of  sun  setting 
and  the  end  of  twilight,  will  be  the  duration  of  the  evening  twilight. 

Note. — If  much  accuracy  be  required,  the  sun's  declination  must  be 
reduced  to  the  meridian  of  the  given  place,  at  the  respective  times  of 
the  commencement  and  of  the  end  of  twilight,  found  as  above;  then, 
the  operations  being  repeated,  the  correct  apparent  times  of  the  be- 
ginning and  of  the  end  of  twilight  will  be  obtained.  This  degree  of 
acdiracy  may,  however,  be  dispensed  with, — unless  in  cases  of  mere 
speculative  inquiry,  or  where  some  philosophical  subject  is  under  con- 
sideration. 

Example. 

■ 

Required  the  apparent  times  of  the  beginning  and  of  the  end  of 
twilight,  and  its  duration,  October  1st,  1824,  in  latitude  40?30f  north, 
and  longitude  105?  east  ? 


*  90P  +  ld?»  10d^.-»S«e  Remarks  at  the  end  of  the  Example. 
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To  find  the  Beginning  of  Twilight. 

Sun's  declination  at  midnt.  September  30th  =  3?  4:26^  S. 
ReductioA  of  ditto  for  longitude  10&?  E.  =«l       ^  6, 48 


Sun's  reduced  declination  ^        2?57-38tf  S. 


Constant  quantity  = 
Sun's  polar  distance 
Co-latitude  s     . 


•     • 


108?  o:  01 

92. 57. 38 
49.30.   0 


Log.  CO- secant 
Log.  co-secant 


0.000580 
0. 118954 


Sum= 250^27^38: 


Hatfsmn^   •     •     .     .  135?13f49r    Log.  sine 
Remafaider  a      ...     17*  13. 49      Log.  sine 


9.912197 
9.471601 

19.60aSt75 


Ar€k» 34?21164if  Lcig.tiiie«      .     .    9.7&l9afi 


Beginning  of  twilight «  66^43^49^,  in  time  ^ 
Apparent  time  of  sun-rising  on  the  ghroii  day  >» 


4}S4T56! 


Duration  of  morning  twilight  s    • •     •    •    •     1^90?13t 

lb  find  the  End  of  Twilight. 

Sun's  declination  at  midnight,  October  lst=  3?27*45T  S. 
Reduction  of  ditto  for  longitude  105?  £L :-.       ^^4Q 


Sun's  reduced  declination  =     .    .    •    •     ,    3?20C57^  S, 


Constant  quantity  =    108?  0:  0". 
Sun*s  polar  distance  =s  93. 20. 57 
Co- latitude  =s  ...    49.30.   0 


Log.  co-secant 
Log.  co-secant 


«     • 


0.000743 
0.118954 


Sum  =    . 


.  250° 50'. 57 'f 


Half  sum  =  .    .     .     125?26f28i?  Log.  giue:=     ,    .     .    9.9110S3 
Remainder  s^     .    .      17. 25. 28i    Log.  sine  =>    .    .    .    9. 476381 


19.507114 


Arch=s     ....      56?27£40?    Log.co-uoess    ,    .    9.763567 
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Arch=      ....      65?27'.40r 


End  of  twilight  =    .     110?56:20r,  in  tim€  =     ....    7!23r4i: 
Apparent  time  of  sun-setting  on  the  given  day  =      ...    5. 52. 13 


Duration  of  evening  twilight         1^31  T28f 

Remarks, 

Twilighty  technically  called  the  crepusculum^  is  that  faint  light  which 
we  perceive  before  the  sun  rises  and  after  he  sets.  It  is  produced  by 
the  rays  of  light  being  refracted  in  their  passage  through  the  earth's 
atmosphere,  and  reflected  from  the  different  particles  thereof. 

The  morning  twilight  commences  when  the  sun  wants  18  degrees  of 
appearing  in  the  horizon  of  the  eastern  hemisphere,  and  the  evening 
twilight  ends  when  he  is  depressed  18  degrees  below  the  horizon  of  the 
western  hemisphere. 

When  the  sim's  declination  exceeds  the  difference  between  the  co« 
latitude  of  any  given  place  and  18  degrees,  there  will  be  no  real  dark-- 
ness  or  night  at  that  place,  but  c6ntinual  day  and  twilight;  as  is  the 
case  at  London,  from  the  22nd  of  May  to  the  21st  of  July. 

When  the  son  is  on  the  same  side  of  the  equinoctial  with  the  elevated 
pole,  the  duration  of  twilight  will  constantly  increase  as  he  approaches 
that  pole,  till  he  enters  the  tropic ;  at  which  time  the  durati<m  of  twi- 
light will  be  the  longest.  It  will  then  decrease  mitil  some  time  after 
the  sun  passes  the  equinox^  but  will  increaae  again  before  he  arrives  at 
the  opposite  tropic  :  hence,  there  must  be  a  point  within  the  tropics 
where  the  duration  of  twilight  is  the  shortest.  This  point  may  be 
found  by  the  following  Problem. 


Pboblkic  IV. 

Given  the  Latitude  of  a  Place ;  to  find  the  Time  of  the  shortest-  TwUight, 

and  its  duratUm. 

Bui4B. 

To  the  logarithmic  tangent  of  the  half  of  18  degrees,  add  the  loga- 
rithmic sine  of  the  latitude ;  and  the  sum  (abating  10  in  the  index) 
will  be  the  logarithmic  sine  of  the  sun's  declination  at  the  time  of  the 
shortest  twilight,  of  a  contrary  name  to  the  latitude :  the  day  corre- 
sponding' to  this  declination  will  Ve  that  required. 
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Again,  to  die  logaiiUiiiiic  me  of  the  balf  of  18  degrees,  add  Hi 
logarithmic  secant  of  the  latitude;  and  the  anm  (abating  10  in  the  in 
da)  will  be  the  logarithmic  tine  of  an  arch,  whidi,  being  doobki 

be  the  duration  of  the  shortest  tvriUght 


ExttK^e. 

Required  the  time  of  the  shortest  twilight,  and  its  duration,  in  the 
year  1824,  in  hititude  50?48^  N.  ? 

Half  of  18  degrees  =    9?  0!  OT        Log.  tangent=:=9. 199713 . 
Laiitodeofthepbce=50.48.  0  Log.  sine  :i=     9.889271 


S«i*s  declination  =     7?  3-   K        Log.  sine  =      9.088984 ; 
which  is  soalA,  of  a  contrary  name  to  the  latitude. 

Half  of  18  dqprees  =  9?  0:  Or        Log.  sine  =      9. 194332 
Latitttdeoftheplace::=50.48.  0  Log.  8ecant=:  10. 199268 


Arch=       14?19:49r        Log.  sme==      9. 


Duration  of  twilights28?39:38r,  in  time  =  1*54?39!. 

The  days  in  the  Nautical  Almanac,  corresponding  to  the  sun's 
tion  7^3!  1'  S.,  are  March  2nd  and  October  1 1th,  which,  therefore,  are 
tiie  days  of  the  shortest  twilight  in  the  year  1824,  in  latitude  50?48r 
north  I  and  the  duration  of  the  twilight,  on  those  days,  is  1  ?54r39f . 


Problem  V.  . 

Given  the  Latitude  of  a  Place  between  48?32!  and  66?32'  (the  LindU 
of  regular  T\inliffht) ;  to  find  when  real  Night  or  Darkness  ceases,  and 
when  it  commences. 

Rule. 

The  complement  of  the  latitude,  diminished  by  18  degrees,  will  be 
the  declination  of  the  sun,  of  the  same  name  as  the  latitude,  at  the  time 
when  it  ceases  to  be  real  night,  and  also  when  real  night  commences. 

Example. 

Required  the  interval  of  time,  in  the  year  1824,  during  which  there 
will  be  no  real  darkness  or  night,  in  latitude  50?^'  north  ? 


DARKNESS  COMMSNCES^  STC.  ETC.  60j 

Soft«/um.— The  complment  of  thelatitudca9n2 :  N.- 18^  =21  n2:  N. 
=  the  sun's  declination.  Now,  the  days  answering  to  21  *  12'  of  north 
declination  are.  May  26th  and  July  17th.  Upon  the  first  of  these 
days,  therefore,  real  night  ceases,  and  it  commences  upon  the  last 
During  this  interval  there  is  no  real  darkness,  because  the  sun  is  less 
than  18  degrees  below  the  horizon ;  and  so  on  for  any  other  latitude 
within  the  limits. 


Problem  YI. 

Givm  the  Sun's  DtcUnatitm  and  Semidiameter  \   to  find  the  Interval 
betwem  the  Initants  qf  ki$  Lower  and  Upper  lAmbi  bri^ 
of  a  known  Place. 

Rule. 

Und  the  approximate  time  of  the*  sun's  rising  or  setting,  by  Pro« 
blem  I.,  page  124 ;  to  which  time  let  the  sun's  declination  be  reduced, 
by  Problem  XIV.,  page  357. 

To  the  logarithm  of  the  sun's  semidiameter,  expressed  in  seconds, 
add  the  constant  logarithm  9. 12493^  and  call  the  sum  a  reserved 
logarithm  ;  then. 

To  the  logarithmic  co«sine  of  the  sum  of  the  latitude  and  declina- 
tion, add  the  logarithmic  co-sine  of  their  diffSerence :  half  the  sum  of 
these  two  logarithms,  being  subtracted  from  t|ie  reserved  logarithmj  will 
leave  the  logarithm  of  the  interval  of  time,  in  seconds,  between  the 
instants  of  the  siin's  lower  and  upper  limbs  being  in  the  horizon  of  the 
given  place. 

♦  Example. 

Required  the  interval  between  the  instants  of  the  sun's  lower  and 
upper  limbs  being  in  the  horizon,  at  the  time  of  its  setting,  July  13th, 
1824,  in  latitude  50? 48:  N.,  and  longitude  120?  W.  ? 

Apparent  time  of  settihg  in  Table  L.,  to  latitude  50?  48 C  N., 

and  declination  21  ?49:51  r  N.  = 7*57rl2! 

Longitude  120?  west,  in  time  ^ 8.  0.   0 

Greenwich  time  of  sun's  setting  = •  15^57*^12! 

Sun's  declination  at  noon,  July  13th,  1824  s=        ...  21  ?49'5KN. 
Correction  of  ditto  for  15^57?  12!  s       ......—  5.58 

.Sun's  reduced  declination  » 21?43:53rN. 
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Sun's  semidiameter  15^45^.  8=945^ 8  Log.sS. 975799 
Constant  logarithm  = 9. 124S09 

Reserved  Ic^rithm  =» 12. 10Q788  .  .   12;  1007W 

Son's  red.  dec.  »  21?43f68rN. 
Lat.  of  the  place  »  50. 48.  0  N. 

Sum  =      .     .•   .    72?3i:63r  Log.  co.sine=9. 477387 
.  Difference  =       .     29.    4.    7    Log.  co-sine=9. 941531 

Sum  =        19. 418918 

Half  sum »    .  9.709460..    9.7aM59 

Interval,  in  seconds=246. 195  = Log.=2. 391279 

Hence,  the  interval  between  the  instants  of  the  sun's  limbs  tawAbig 
the  horizon,  is  4  minutes  and  6  seconds. 

Note. — The  constant  logarithm  mad^  use  of  in  this  Problem  is  the 
arithmetical  complement  of  the  proportional  logarithm  of  24  hours 
esteemed  as  minutes.  If  the  sun's  diameter  be  used,  instead  of  its 
semidiameter,  it  must  be  expressed  in  minutes  and  decimal  parts  of  a 
minute :  in  this  case,  the  same  result  will  be  obtained  by  employing 
the  constant  logarithm  8. 823909 ;  viz.,  the  arithmetical  complement 
of  the  common  logarithm  of  15  degrees,  or  the  motion  corresponding 
to  one  hour  of  time. 


SOLUTION  OP  PROBLEMS  IN  GNOMONICS  OR 

DIALLING. 

Dialling^  or  GnotnonicSy  is  a  branch  of  mixed  mathematics,  which 
depends  partly  on  the  principles  of  geometry  and  partly  on  those  of 
astronomy ;  and  it  may  be  defined  as  being  the  method  of  projecting 
on  the  surface  of  any  given  body,  whether  plane  or  otherwise,  a  figure 
called  a  sun-dial^ — the  different  lines  of  which  indicate,  by  the  shadow 
of  a  style  or  gnomon,  when  the  sun  shines  thereon,  the  apparent  time 
of  the  day. 

The  upper  edge  of  the  style  or  gnomon^  which  projects  the  sun'i 
shadow  on  the  plane  of  the  dial,  must  be  parallel  to  the  earth's  axis  : 
hence,  it  is  sometimes  called  the  aocis  of  the  dial. 
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The  plane  of  the  gmommi  must  be  perpendicalar  to  that  of  the  dial. 
The  plane  on  which  it  is  erected  is  called  the  tub-Myh :  in  horizontal 
dials  it  may  be  called  Ihe  meridian,  or  13  o'clock  line. 

The  angle  comprehended  between  the  style  and  the  sub-style,  is  called 
the  elevation  of  the  style :  this  angle,  in  horizontal  dials,  is-  always  equal 
to  the  elevation  of  the  pole,  or  the  latitude  of  the  place  for  which  it  is 
computed  ;  but,  in  erect  direct  north  or  south  dials,  it  is  equal  to  the 
complement  of  the  latitude  of  such  place. 

Those  dials  whose  planes  are  parallel  to  the  plane  of  the  horizon^ 
are  called  horizontal  dials  ;  but  such  as  have  their  planes  perpendicular 
to  the  plane  of  the  horizon,  are  called  vertical  or  erect  dials. 

Those  vertical  dials  whose  planes  are  either  parallel  or  perpendicular 
to  the  plane  of  the  meridian,  are  called  direct  erect  dials.  One  of  these 
must  always  face  one  of  the  cardinal  points  of  the  horizon,  according 
as  it  may  be  a  north,  south,  east,  or  west,  erect  dial. 

All  other  erect  dials  are  called  declining  dials.  Those  dials  whose 
plaues  are  neither  parallel  nor  perpendicular  to  the  plane  of  the  hori- 
zon, are  called  reclining  dials. 

In  this  place,  however,  we  shall  only  show  the  method  of  construct* 
ing  a  horizontal  dial,  and,  also^  that  of  a  north  or  south  erect  direct 
dial ;  these  being  by  far  the  most  useful,  and,  indeed,  the  most  com- 
mon of  all  the  varieties  in  dialling. 


Problem  I. 

Criven  the  Latitude  of  a  Place;  to  find  the  Angles  which  the  Hour  lAnes 
make  with  the  Sub-Style  or  Meridian  line  qf  a  Horizontal  Sun-Dial. 

General  Proposition. 

In  every  right  angled  spherical  triangle,  tadim  is  M:9l$  *ifiie  of  one 
of  the  legs  containing  the  right  an^k^  pf  Jit  JM|Mf  ^  Me  angle  adja- 
cent to  that  side  is  to  the  tangent  ^  4lf  40m  mMudng  side  of  the 
triangle.  This  is  merely  a  variatioR  ^  IIm  ^equation  for  finding  the 
leg  B  C,  in  Problem  IV.,  page  li»4  lMiM)e»  the  following 

To  the  logarithmic  sine  of  the  latitude,  add  the  logarithmic  tangent 
of  the  sun's  horary  angle  from  noon  ;  and  the  sum  (abating  10  in  the 
index),  will  be  the  logarithmic  tangent  of  the  angle  comprehended 
between  the  corresponding  hour  line  and  the  sub-style,  at  the  centre 
of  the  dial. 


PKACnCAX.  AVtaoXOHT. 


K»U. — 'JiTf  the  «■■*«  appucDt 
of  \»  JrfretB  to  aa  boor,  thenCocr,  >t 
r  ai^le  u  la-  ;  at  nro  boon  bom 


in  the  ecliptic  is  at  the  rale 
E  hoar  (ram  immmi  the  iim'i 
on  it  ia  30?  ;  and  to  oa. 


Beqsrcd  the  ai^ka  whidi  the  hoar  liaea  make  with  the  sub-it]^, 
or  TiJan  fine  of  a  borizontal  dial,  in  a  place  situated  in  50?4S'15? 


To  find  the  Angle  at  one  Hour  from  Noon. 
Latitnde  of  the  ^ace  s:    .     .     .     30:48' 13?  Log.  sine  = 
Soo'shofaryai^.atl*  fnMnnooa=15.  0.  0    Iiog. taiij[ent=9. 4281^ 

HoarEne  ofl,  or  H  o'clock  =     ll;43'J2r  Lci|;.  tangent=i9. 317349 

To  find  the  Angle  at  two  Houn  from  Noon. 
Latitude  of  the  place  =     .    .    .    50r48:i5TLc%.  sine  =     9.889296 
Son's  hoeary  ang.  at  2".  from  DOon=30.    0.  0  Log.  taogeQts:9. 761439 

Hoar  tine  of  2,  or  10  o'clock  =  .     24?  6'20:Log.  tangent=9. 650735 

Proceeding  in  tbia  manner,  the  aermt  angles  which  the  respective 

hour  lines  make  with  the  meridian  will  be  fimnd  to  be  as  follows  ;  riz., 


Hour  lines  of 

I, 

and 

XI. 

=      Ilf43;52T 

Ditto 

II. 

and 

X. 

=     24.   6.20 

Ditto 

Ill 

and 

IX. 

=      37.46.31 

Ditto 

IV. 

and 

VIII. 

=      53.18.53 

Ditto 

V. 

and 

VII. 

=      70.55.39 

Ditto 

VI. 

and 

VI. 

=      90.  0.   0 
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Tlie  hour  lines  of  VII.  in  the  evening  and  V.  in  the  morninjo^,  make 
the  same  angles  with  the  meridian,  on  the  opposite  ride  of  the  VI. 
o'elock  hour  line^  as  the  hour  lines  of  VII.  in  the  morning  a'hd  V.  in 
the  evening.  In  the  same  manner  the  hour  lines  of  VIII.  in  the  even- 
ing and  IV.  in  the  morning  make  the  same  angles  with  the  meridian 
as  the  hour  lines  of  VIII.  in  the  forenoon  and  IV.  in  the  afternoon ; 
and  so  on. 

The  angles  for  the  halves/ quarters,  or  other  subdivisions  of  the  hours, 
are  to  be  determined  in  the  above  manner. 

The  angles  which  the /dijOTerent  houj:  lines,  &c.  make  with  the  meri- 
dian, being  thus  determined,  the  dial  may  then  be  very  readily  con- 
structed, by  means  of  a  pair  of  compasses,  and  the  line  of  chords  on  a 
c^mihon  Gunter's  scale,  or  of  that  on  a  Sector :  the  latter,  however, 
should  be  preferred,  because  the  degrees  thereon  are  generally  divided 
into  halves,  and  sometimes  quarters,  which  gives  it  a  decided  advan- 
tage, in  point  of  accuracy,  over  that  on  Gunter's  scale. 

Construction. 

On  the  proposed  plane  draw  the  meridian,  or  XII.  o'clock  hour  line, 
a  b',  parallel  to  which,  at  a  distance  equal  to  the  intended  thickness 
of  the  gnomon  or  style,  draw  the  line  c  d :  perpendicularly  to  these 
draw  the  VI.  o'clock  hour  line  ef.     Open  the  Sector  to  any  convenient 
extent,  and  take  the  transverse  distance  60?  to  60?  (on  the  line  of 
chords)  as  a  radius  in  the  compasses,  and,  from  a  as  a  centre,  describe 
the  arc  g  h  :  with  the  same  radius,  and  from  c  as  a  centre,  describe 
the  arc  i  k;  and,  since  the  hour  lines  are  less  distant  from  each  other 
about  noon  than  in  any  other  part  of  the  day,  it  is  advisable  to  have 
tte  centres  of  those  quadrants  or  arcs  at  a  little  distance  from  the 
centre  of  the  plane  of  the  dial,  on  the  side  opposite  to  XII.,  bo  as  to 
allow  of  the  hour  distances  being  enlarged  near  the  meridian  under 
the  same  angles  in  the  plane  of  the  dial :  thus,  the  centre  of  the  plane 
is  at  A ;  but  the  centres  of  the  quadrants  or  arcs  are  taken  a  little  be- 
low it,  at  the  points  a  and  c. 

Take  the  transverse  distance  ll?43f52'r  to  ll?43^52r,  in  the  com- 
passes, from  the  line  of  chords,  and  set  it  off  from  ff  to  1,  and,  also, 
from  t  to  6 :  take  the  transverse  distance  24?6^20'/,  in  the  compasses, 
ftnd  set  it  off  from  ff  to  2,  and  from  t  to  7  3  sind  proceed  in  the  same 
manner  with  the  remaining  horary  angles.  * 

Now,  from  the  centre  a  draw  the  forenoon  hour  lines  a  1  XL,  a  2  X., 
Q  3  IX.,  a  4  VIII.,  a  5  VII. ;  and,  from  c  as  a  centre,  draw  the  after- 
noon hour  lines  c6L,c7  II*^  c  8  III.,  c  9  IV.,  c  0  V. :  produce  a  6 
VII.  and  a  4  Villi  for  the  hour  lines  of  VII,  and  VIII.  o'clock  in  the 
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evening  I  Hnd  produce  c  9  IV.  and  e  0  V.  for  the  hour  lines  of  IV.  and 
V.  in  the  morning.  In.  the  same  manner  may  the  quarter  and  half* 
hour  lines  be  drawn  (and  minutes  if  necessary),  by  setting  off  the  com- 
puted corresponding  angles  from  the  meridian  :  these,  however,  hue 
been  omitted  in  the  above  diagram,  with  the  view  of  pre^entiiig  eai- 
barrassment. 

Take  the  latitude  50^48' 15'!  in  the  compasses,  viz.,  the  transverse, 
distance  50?48:  ISr  to  50?48:  \5%  and  set  it  off  from  ^  to  L,  and  draw 
the  hypothenuse  line  a  L  P  for  the  axis  of  the  style  or  gnomon. 

The  style  may  have  any  shape  the  artist  pleases,  provided  its  edge 
a  L  P  be  a  perfectly  straight  line.  It  should  be  a  metallic  substance, 
and  must  be  of  an  equal  thickness  with  the  breadth  of  the  space  com- 
prehended between  the  two  parallel  straight  lines  a b  and cdi  in  whidi 
space  it  must  be  erected  truly  perpendicular  to  the  plane  of  the  dial: 
then,  since  the  angle  B  a  P  is  equal  to  the  latitude,  the  straight  edge 
of  the  style  =  a  L  P  will  be  directed  to  the  elevated  pole  of  the  woild, 
and,  hence,  parallel  to  the  earth's  axis  when  the  dhd  is  truly  set  3  the 
shadow  of  nvhich,  when  the  sun  shines,  will  indicate  the  hour  of  the  day. 

Note. — Since  the  hour  of  the  day  indicated  by  a  sun-dial  is  expressed 
in  apparent  solar  time,  it  must  be  reduced  to  mean  time,  by  Problem 
XIX.,  page  369,  so  as  to  make  it  correspond  with  that  shown  by  a 
well-regulated  watch  or  clock. 


Problem  II. 

To  find  the  Angles  on  the  Plune  of  an  erect  direct  south  Dial  for  amf 
proposed  north  Latitude,  or  on  that  of  an  erect  direct  north  Dial  fir 
amf  proposed  south  Latitude. 

Rule. 

To  the  logarithmic  co-sine  of  the  latitude,  add  the  logarithmic  tan- 
gent of  the  sun's  horary  angle  from  noon  9  and  the  sum  (abating  10  in 
the  index),  will  be  tlie  logarithmic  tangent  of  the  angle  comprehcDded 
between  the  corresponding  hour  line  and  the  sub^atyle,  at  the  centre 
of  the  dial. 

Example. 

Required  the  angles  which  the  hour  lines  on  an  erect  direct  south 

dial  make  with  the  sub-style  or  12  o'clock  line,  in  latitude  60?48:l&' 
north  ? 


m'smimien  wimwksi 


m 


To  find  the  Angle  Kt  oi^e  Hoifr  from  Noon. 
iili^  at  the  pUe^=    .    .    .    60?48U5r  j;«g.  co-ui)ess9.#QQS09 


ir  angle  of  I ,  or  U  o'dock  ==    9?S6 '.  491  Log.  taogente^S.  33^53 


To  find  tbe  Angle  at  two  Houra  from  Noon. 

ibuleaftheplAce=     .    .     .    &)'48' 151  hog.  co-uae^S.  886030 
'•boraryang.tttatfioiQiioon^-SO.  0.  6   ijag. taogeafcaO. 76t439 


irangleofa.or  JOo'clock=    20?  2^44:  Log.  tangent=>d.  562138 

'rocee^ing  in  this  manner^  the  several  angles  which  the  reapective 
r  tinea  make  with  the  meridian  will  be  found  to  be  aa  foHowe ;  vix.. 


Hour  lines  of 

I. 

md 

?I..     = 

9i^'.4iiy 

Ditto 

11. 

lud 

X.      = 

20.  2.44 

Ditto 

III. 

ud 

IX.     = 

32.17.30 

Dit» 

IV. 

and 

yui.  = 

47.35.10 

Ditto 

V. 

and 

VII.     = 

67.  1.25 

Ditto 

VI. 

and 

VI.     = 

99.  «.  0 
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Construction. 

On  the  proposed  plane  draw  the XII. o'clock  hour  line  ab;  panU 
to  which,  at  a  distance  equal  to  the  intended  thicknesB  of  the  §1)1^ 
draw  the  line  c  d :  ^t  right  angles  to  the  sub-style,  or  XII.  o'dod 
line,  draw  the  VI.  o'clock  hour  line  ef.  Open  the  sector  to  any  cm- 
venient  extent,  and  take  the  transverse  distance  GO?  to  60?  (on  the 
line  of  chords)  as  a  radius  in  the  compasses,  and,  from  a  as  a  cenlifff 
describe  the  arc  g  h;  with  the  same  radius,  and  from  c  as  a  centre^ 
describe  the  arc  i  k.  Take  the  transverse  distance  9?36f  40f  to9?36'4lK 
in  the  compasses,  and  set  it  oiF  from  ^  to  1,  and,  also,  from  t  to  & 
Take  the  transverse  distance  20?2C44T  to  20?2'44T  in  the  compasses, 
and  set  it  off  from  ^  to  2,  and  from  t  to  7 ;  ^"^  proceed  in  the  same 
manner  with  the  remaining  horaiy  angles.  Then,  from  the  centre  «, 
draw  the  forenoon  hour  lines  d  1  XL,  a  2  X.,  &c.  &c. ; .  and,  from  e  is. 
a  centre,  draw  the  afternoon  hour  lines  c  6  I.,  c7  II*j  &c.  &c. 

Take  the  complement  of  the  latitude  in  the  compasses,  viz.,  the  tranf- 
verse  distance  39?  11:457  to  39ni^45r ;  set  it  off  from  y  to  L,aDd 
draw  the  hypothenuse  line  a  L  P  for  the  axis  of  the  style  or  gnomoii. 

Now,  when  the  dial  is  placed  vertically,  with  its  plane  duly  hdaf 
the  south,  the  VI.  o'clock  hour  line  ey*will  be  parallel  to  the  plane  <if 
the  horizon ;  and  the  style  B  a  L  P,  directed  downwards,  makii^tti 
angle  with  the  sub-style  or  XII.  o'clock  hour  line  equal  to  the  oooh 
plement  of  the  latitude,  will  be  truly  parallel  to  the  earth's  axis. 

Since  the  sun  cannot  shine  any  longer  on  a  dial  of  this  descripdoo 
than  from  VI.  in  the  morning  until  VI.  in  the  evening,  it  is  not  neoei- 
sary  to  describe  hour  lines  upon  it  before  or  after  those  periods  of  time. 

Note. — ^An  erect  direct  north  dial  for  a  place  in  north  latitude,  is  con- 
structed exactly  in  the  same  manner  as  an  erect  direct  south  dial ;  kit 
the  position  of  the  dial  must  be  reversed :  that  is,  the  VI.  o'clock  boor 
line  must  be  at  the  bottom  instead  of  the  top  of  the  dial ;  and  the  style 
or  gnomon  must  be  directed  upwards  instead  of  downwards. 


SOLUTION  OF  PROBLEMS  RELATIVE  TO  THE  MENSUBA- 
TION  OF  HEIGHTS  AND  DISTANCES. 

Since  it  is  frequently  of  the  greatest  importance  to  the  mariner,  but  tt 
ell  times  to  the  engineer  or  other  military  offiee^'y  to  be  able  to  ascertain 
the  heights  and  distances  of  remote  objects  with  precisioni  the  foUowiflf 
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problems  are  given  for  their  general  guidance  in  such  cases.  In  solv- 
ing these  problems^  it  is  the  logarithm ical  mode  of  calculation  that  will 
be  attended  to^  with  the  view  of  showing  the  direct  application  of  the 
principles  of  plane  trigonometry  to  such  cases.  To  the  imagination  of 
the  ingenious,  however,  many  other  modes  of  obtaining  an  approximate 
▼alue  for  the  heights  and  distances  of  remote  objects  will  soon  present 
themselves :  such  as,  by  means  of  shadows,  mirrors,  unequal  vertical 
staves,  &c.  &c. ;  but,  since  these  methods  entirely  depend  upon  the 
principles  of  similar  triangles  (as  demonstrated  in  Euclid,  Book  VI., 
Prop.  4),  they  admj^t  of  direct  solutions  without  the  assistance  of  trigo- 
nometrical tables :  hence,  no  notice  can  be  taken  of  them  in  this  work. 


Problem  I. 

To  find  the  Height  of  an  accessible  Object. 

» 

Rule. 

Let  A  B,  in  the  annexed  diagram,  be  the 
object :  from  B  measure  any  convenient  dist- 
ance to  C ;  take,,  at  C,  with  a  quadrant  or 
other  instrument,  the  angle  A  D  E ;  then,  in 
the  triangle  ADE,  given  the  side  DE=BC, 
and  the  angle  at  D ;  to  find  the  side  A  E  : 
to  which  let  the  height  of  the  observer's  eye 
above  the  horizontal  plane=C  D  or  B  E  be 
added,  and  the  sum  will  be  the  true  height 
of  the  object  A  B. 

Example, 

Let  the  horizontal  distance  B  C  be  250  feet,  the  angle  of  elevation 
A  D  E  =  41  ^45 ',  and  the  height  of  the  eye  C  D  =  6  feet ;  required  the 
height  of  the  object  A  B  ? 

This  comes  under  Problem  II.  of  right  angled  plane  trigonometry, 
page  172 ;  and  by  making  D  E  radius,  it  will  be 

As  radius  = 90?  Log.  co-secant=  10. 000000 

Is  to  the  distance  D  E  =  C  B  =  250  feet     Log.  =s       ...  2. 397940 
80  is  the  angle  of  elevation  ADE =4 1  ?46 '     Log.  tangent  =  .  9. 950625 


To  the  part  A  E  =        ...    223. 13      Log.  =      ...  2. 348565 
Height  of  the  eye  C  D  ss       .        5. 


Height  of  the  object  A  B  =    ,    228. 13  feet,  as  required. 


RefMark. — By  remoring  either  towards  or  from  the  object,  until  the 
quadrant  shotrs  the  angle  of  altitade  to  be  45  degrees,  the  measure  of 
the  dlstaiiee  between  the  foot  of  the  observer  and  that  of  the  ol^ectj 
augmented  by  the  height  of  the  eye,  will  become  the  altitude  or  height 
of  that  object. 


Problem  II. 

Given  the  Angle  of  Elevation^  and  the  iteiffht  of  an  Of^eel ;  to  find  tht 
Obserter'i  hoHzontal  Distance  from  that  Obfect. 

Rule. 

At  any  convenient  distance,  as  at  C,  let  the  angle  of 
elevation  A  D  E  be  taken ;  then,  in  the  triangle  A  D  E, 
given  A  E  =  the  height  of  the  object  A  Bj  diminished 
by  the  height  of  the  eye  C  D,  or  its  equal  B  E,  and  the  |^ 
angle  at  D ;  to  find  the  horizontal  distance  D  E  =  C  B,  gl 


Example. 

Let  the  height  of  the  object  A  B  be  175  feet,  the  angle  of  elevation 
ADE  37?20'.,  and  the  height  of  the  observer's  eye  CD  =  5  feet; 
required  the  horizontal  distance  B  C  ? 

This  falls  under  Problem  IL,  of  right  angled  plane  trigonometry, 
page  172 1  and  by  making  A  B  radius,  the  jlrbportioh  will  he 

AsradiiK  =    • 90?       Log.  cb-secUnt  ^  iD.OOODOQ 

Is  to  height  of  the  object  AB  175  ft.-BE  5  ft.=]70  Log.=     2. 230449 
So  is  the  angle  of  elevation  ADE=37?20'  Log.  co-tarigent  =10. 117BS7 


To  the  horizon.  dist.DE=CB=222. 89    Log.=       .     .     .    2.8490SB 
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Problem  III. 
To  find  the  Height  of  an  Inaecessibie  Object,  as  AB* 

At  any  convenient  points,  as  C  and  D  (these 
being  in  the  same  vertical  plane  with  A  B), 
.  observe  the  angles  of  elevation  A  F  E  and 
AGE;  and  measure  the  distance  C  D  :  then 
because  the  exterior  angle  A  F  E  is  equal  to 
the  two  interior  and  opposite  angles  A  G  F 

and  G  A  F  (Euclid,  Book  I,,  Prop.  32),  if     »' 1 

from  the  angle  A  F  E  the  angle  A  G  E  be  subtracted,  the  remainder  will 
be  the  angle  G  A  F.  Now,  in  the  oblique  angled  triangle  A  G  F,  given 
the  side  G  F  =:  D  C,  and  the  angles  A  and  G  ;  to  find  the  side  A  F  : 
and,  in  the  right  angled  triangle  A  F  E,  given  the  hypothenuse  A  F, 
found  as  above,  and  the  angle  A  F  E  ;  to  find  the  perpendicular  A  E  : 
to  which  let  the  height  of  the  observer's  eye  above  the  horizontal  plane 
be  added^  and  the  puni  will  be  the  height  of  the  object  A  B« 

Example. 

In  the  al^ve  diagram  let  the  angle  of  elevation  at  C  =  A  F  E  be 
49^28^,  apd,  after  receding  2O0  {e€t  in  the  same  vertical  plaqe,  to  the. 
point  D,  let  the  angle  of  elevation  A  OE  be  31?20' ;  now,  admitting 
the  height  of  the  observer's  eye  above  the  horizontal  plane  =  D  G  or 
BE  to  be  5  feet,  it  is  required  to  determine  the  height  pf  the  object  AB  ? 

The  angle  A  FE  49?28:  -*  the  angle  A  G  F  31  ?30:  =  the  angle 

GAF18?8f. 

Now,  in  the  oblique  angled  triangle  A  G  F,  since  the  angles  and  one. 
aide  are  given,  the  side  A  F  is  found  by  oblique  angled  plane  trigo- 
nometry, Problem  I.,  page  177;  and,  in  the  right  angled  triangle  A  E  F, 
since  the  hypothenuse  A  F  is  now  known,  and  the  angle  at  F  given, 
the  perpendicular  A  E  is  found  by  right*atigled  plane  trigonometry. 
Problem  I.^  page  171*    Hence, 

To  find  the  Side  A  F. 

As  the  angle  GAF  =  ...     18?  8:     Log.  co-secantr:  10.500919 
Is  to  theside  GF  =  DC  «  .200  Log.  =     .     .     .    2.301030 

Sob  the  angle  AOF«i    .    .    3]?20'     Log.sine«ac  .    .    9.716017 


To  the  Bide  AF=     ,    *    .    .  834, 17    Log. »     •    #    •    2.623966 
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« 

To  find  the  Perpendicular  A  E. 

As  radius  = 90f         Log.  co-secantaelO.OOOOOO 

Is  to  the  hypothenuse  A  F  =     .    334. 17  Log.  =   .     .     .     2. 523966 
So  is  the  angle  A FE  =  .     .     •     49?28r  Log.  sine  =       .     9. 


To  the  perpendicular  A  E=  .     .    253.98  Log.  =    .     .     .     2.404796 
Height  of  the  eye  B  E  =       .     •        5. 


Height  .of  the  ohject  A  B  =       .    258. 98  feet,  as  required. 

Remark. — If  it  be  required  to  know  the   horizontal  distance  BCor 
B  D,  it  may  be  readily  detennined  by  mean  s  of  the  last  Problem. 


Problem  IV. 

7b  find  the  Distance  of  an  Inaccessible  Object  which  the  Oiserrer  com 
neither  advance  towards  nor  recede  from  in  its  vertical  Lme  ^ 
Direction, 

RULB. 

Let  the  point  A  be  any  inaccessible  ob- 
ject, and  B  and  C  two  stations  from  which 
the  distance  of  that  object  is  to  be  deter- 
mined: measure  the  distance  BC,  and, 
with  a  sextant  or  other  instrument,  observe 
the  horizontal  angles  ABC  and  A  C  B  ;    c 

then,  in  the  triangle  ABC,  the  angles  and  the  side  B  C  are  given  \  to 
find  the  other  two  sides,  viz.,  A  B  and  A  C. 

Example. 

Let  the  horizontal  angle  ABC,  measured  with  a  sextant,  be  59?]5', 
the  angle  AC  B  42?45',  and  the  measured  base  line  BC  350  yards; 
required  the  respective  distances  A  B  and  AC? 

Theangle  ABC59?15^  +  theangle  A  CB  42?45C  =  102?;  and 

180?  -  102?  =  78?,  the  angle  CAB. 

Now,  the  angles  and  one  side  being  thus  known,  the  remaimng  sides 
ore  to  be  determined  by  oblique-angled  trigonometry^  Problem  I., 
p«ge  177'     Hence  tlie  following  proportions  :  — 
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To  find  the  Distance  A  C 

As  the  angle  C  AB  =  .  .  .  78?  Log.  co-secants  10.009596 
Is  to  the  side  3  C  =  ...  350  Log.  ==  .  .  .  2. 544068 
So  is  the  angle  A  B  C  =       .    .    59^5 !  Log.  sine  =::       .    9. 934199 


To  the  distance  A  C  =    .     .     .    307.51  Log.  =     •     .     .  2.487863 

To  find  the  Distance  A  B. 

As  the  angle  C  A  B  =      ...    78?         Log.  co-secant=  10. 009596 

Is  to  the  side  B  C  =:        ...    350        Log.=      .    .    .  2.544068 

So  is  the  angle  A  C  B  =  .     .    .     42?45^  Log.  sine  =  .     .  9. 831742 


To  the  distance  A  B  =    .    ,     .    242. 89  Log.  =     ...    2. 385406 

Remark. — ^This  problem  will  be  found  of  very -essential  service  to  Her 
Majesty's  ships  and  vessels  of  war,  on  many  hostile  occasions  :  for^ 
when  it  is  intended  that  a  squadron  of  ships  should  cannonade  a  fort 
to  effect,  qr  batter  a  breach  in  the  sea-defences  of  a  town,  the  distance 
at  which  the  ships  should  be  placed,  abreast  of  such  fort  or  town,  with 
the  view  of  opening  their  fire  to  the  greatest  advantage,  may  be  readily 
determined  in  the  above  manner.  Thus,  let  two  competent  persons, 
provided  with  sextants,  in  two  ships,  observe  the  angles  subtended  be- 
tween the  fort  and  each  ship  respectively ;  and  let  the  distance  between 
the  two  ships  be  carefully  ascertained,  which  is  readily  done  by  Problem 
11.^  page  614,  provided  the  height  of  the  masts  be  known ;  or  it  may  be 
found  by  means  of  a  boat  sent  from  one  ship  to  the  other,  with  instruc- 
tions to  pull  at  an  uniform  rate :  then,  if  the  interval,  per  watch,  be 
noted  between  the  time  of  the  boat's  pulling  off  from  one  ship  and  that 
of  her  arrival  at  the  other,  and  her  velocity  or  hourly  rate  of  sailing  be 
duly  determined  by  the  log,  the  distance  between  those  ships  may  be 
easily  obtained  by  the  rule  of  proportion. 

Now^  with  the  distance  between  the  two  ships  as  a  base  line,  thus 
found,  and  the  angles  subtended  between  the  fort  and  each  ship,  the 
respective  distances  of  those  ships  from  the  fort  may  be  very  readily 
computed^  agreeably  to  the  principles  of  the  present  Problem. 

iVb/e.— The  most  convenient  distance  for  commencing  a  cannonade, 
is  about  300  yards  ;  that  is,  about  a  cable  and  a  quarter's  length  from 
the  object  at  which  the  guns  are  directed.  On  such  occasions,  how- 
ever,  the  captains  of  Her  Majesty's  ships  of  war  always  make  choice  of 
a  much  closer  position^  provided  there  be  a  sufficient  depth  of^water. 
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This  problem  is  also  extremely  useful  in  military  movements :  be- 
cause, when  a  general  is  determined  on  the  reduction  of  a  town  or 
garrison,  his  engineer  is  thus  enabled  to  apprize  him  of  his  absolttte 
distance  from  any  point  of  the  enemy's  defences  against  which  he  may 
be  desirous  of  commencing  operations,  and  of  the  most  advantageous 
position  for  throwing  up  batteries  which  may  produce  the  greatest  pos- 
sible effect  on  the  fortified  works  of  the  besieged. 

In  military  operations,  the  battering  guns  are  generally  placed  at 
about  375  paces  (312^  yards)  from  the  works  intended  to  be  breached. 
— ^A  military  pace  is  reckoned  at  30  inches. 


Problem  V. 
To  find  the  Distance  between  two  LiaccesMle  Objects. 

RULB. 

Let  A  and  B  be  any  two  inaccessible 
objects,  the  distance  between  which  is  re- 
quired. Measure  any  base  line,  as  C  D ; 
at  the  point  C  observe  the  angles  A  C  B, 
BCD;  and,  at  the  point  D,  observe  the 
angles  B D A,  ADC.  Now,  in  the  tri- 
angle A  C  D,  in  which  the  angles  and  the    ti^ ^D 

sid^  C  D  are  given,  compute  the  side  A  D,  by  oblique-angled  trigo- 
nometry. Problem  I.,  page  177*  In  like  manner,  in  the  triangle  BCD, 
where  the  angles  and  the  side  C  D  are  given,  compute  the  aide  B  D  by 
the  above-mentioned  problem.  Now,  in  the  triangle  A  B  D,  the  sides 
A  D  and  B  D,  and  the  included  angle  A  D  B,  are  given ;  with  which  the 
distance  A  B  is  to  be  computed,  by  oblique  angled  trigonometry.  Pro- 
blem III.,  page  179. 

Example, 

Wanting  to  know  the  distance  1>etween  the  two  inaccessible  objects 
A  and  B,  in  the  above  diagram,  I  measured  a  base  line  C  D  of  360 
yards  :  at  C,  the  horizontal  angle  A  C  B  was  observed  with  a  sextant, 
and  found  to  be  53?30:,  and  the  angle  BCD  38?45'  ;  at  D,  the  hori- 
zontal  angle  B  D  A  was  67^20 %  and  the  angle  A  D  C  44?30:  ;  required 
the  distance  between  A  and  B  ? 

Angle  ACB&3?30^  +  angle  BCD  38^45 f  -  angle  ACD  93?l5f} 
and  angle  AC  D  92?  15^  +  angle  ADC  44?30:  =  196?45^  Nw, 
180?  -  136?46r  =5  theanglf  CAD43?15r. 
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Again  s  angle  B  D  A  6/ -20^  +  angle  ADC  44^30'  a  angle  B D  C 
111°50^  5  and  angle  BDC  111?50'  +  BCD  38?46C  «  160?36C. 
Now,  180?  -  150?35r  =  the  angle  C  B  D  29?25:. 

In  the  Triangle  A  C  D,  to  find  the  Side  A  D. 

As  the  angle  C  A  D  =  .  .  •  43?  15 :  Log.  co-secant^  10, 164193 
Is  to  the  side  C  D  =       ...    360  Log.  =    .     .     .    2.556303 

So  is  the  angle  ACD  =       .     .    92?15:     Log.  sine  ==      .    9.999665 

To  the  side  A  D  =     .     .     .     .     525.0      Log.  =    .     .     .    2.720161 

In  the  Triangle  B  C  D^  to  find  the  Side  B  D. 

As  the  angle  C  B  D  =  .  .  .  29? 25'  Log.  co-  secant = 10. 308779 
Is  to  the  side  C  D  =       ...    360  Log.  «=    .     .     .    2. 556303 

So  is  the  angle  B  C  D  =      .     .    36^45  f     Log.  sine  =      .    9. 796521 

9 

To  the  side  3D  =     ....    458.78    Log.==    .    .     .    2.661608 

In  the  Triangle  A  B  D^  to  find  the  Angle  D  A  B  or  D  B  A^  and 

the  Side  A  B. 

180?  -  the  angle  BD  A  67?20^  =  112?40'  -^  2  =  56?2a'  =  half 
tlie  sum  of  the  angles  DBA  and  DAB. 

As  the  sum  of  the  sides  AD  and  DBi»983. 78  Log.ar.comp.=7. 007102 
Is  to  their  difference  =«  .  .  «  .  6i.28  Log.'»  .  .  1.821383 
So  is  isutoof  angles  DBA  and  DAB«^?201  Log.tangenWlQ.  176476 


■^ 


To  half  difference  of  ditto  =       .     .    5?46:38?  Log.  tang. ^9. 004961 


'QQ// 


AngleDBA= 62?  6:33 

Angle  DAB  = 50.33.27 

To  find  the  Distance  A  B. 

Ab  the  angle  D  A  B  =  .     .    50?33f27r     Log.  co-secant =10. 112218 
Is  to  the  side  B  D  =     .     .    458.78  Log.=    .     .     .    2.661608 

So  is  the  angle  A  D  B  =     .    67?20^  Or     Log.  sine  =      .    9.965090 

To  Ike  Bide  A B  =»    .    .    .    548.16.       Log«Me.    .    .    8.738911 

which,  therefore,  ia  the  required  distance. 
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l^oie. — This  problem  is  very  useful  in  taking  surveys  of  coasts^  har- 
boursy  bays^  islands^  &c. 


Problem  VI . 

Given  the  Distances  between  three  ObjectSy  and  the  Angular  Distances 
between  these  Objects  taken  at  any  Point  in  the  same  horizontal  Plane; 
to  find  the  Distance  between  that  Point  and  each  of  tie  Ofy'ecfs. 

Rule. 

Let  A,  B^  and  C,  be  any  three  objects  whose 
distances  from  each  other  are  given,  and  E  the 
place  of  the  observer :  at  E^  observe  the  angles 
C  E  A  and  C  E  B  ;  connect  the  points  A^  B,  and 
C3  by  right  lines  ;  make  the  angle  A  B  D  equal  to 
the  observed  angle  C  E  A,  and  make  the  angle 
DAB  equal  to  the  angle  C  E  B  :  hence  the  point 
D  is  found ;  then,  through  the  three  points  A,  D, 
and  B,  describe  the  circle  A  D  B  E ;  join  C  D,  and 
produce  this  line  till  it  meet  the  circle  at  the 
point  E^  the  place  of  the  observer ;  join  E  A  and  E  B. 

Now,  in  the  triangle  A  B  C,  of  which  the  three  sides  are  given,  find 
the  angle  B  A  C.  In  the  triangle  A  B  D,  in  which  the' angles  and  the 
side  A  B  are  known,  find  the  side  A  D.  In  the  triangle  A  C  D,  of 
which  two  sides,  A  C  and  A  D,  and  the  included  angle  C  A  D  are  known, 
find  the  angle  A  C  D.  In  the  tifcngle  A  E  C,  of  which  the  angles  and 
the  side  A  C  are  given,  find  the  sides  E  A  and  E  C.  And  in  the  tri- 
angle ABE,  the  sides  A  B,  A  E,  and  the  angles  A  E  B  and  E  A  B  are 
given  ;  to  find  the  side  E  B. 

Example. 

Let  the  points  A,  B,  and  C,  in  the  above  diagram,  be  three  known 
objects  :  the  distance  between  A  and  B,  290  yards ;  between  B  and  C, 
195  yards ;  and  between  A  and  C,  240  yards  :  let  E  be  the  place  of  an 
observer,  where  the  angle  C  E  A  was  measured  with  a  sextant  and  found 
to  be  30 ?5^,  and  the  angle  CEB  25? 45:;  required  the  distances 
EA,  EC,  and  ED? 

In  the  triangle  ABC,  the  three  sides  are  given ;  to  find  the  angle 
B  A  C.  Hence,  by  oblique  angled  plane  trigonometry.  Problem  IV., 
page  180, 
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Side  B  C  (opposite  the  required  angle)  ==  195 

Side  A  C  (containing  the  required  angle)  :=  240   Log.  ar.  co. =7*  6197o9 

Side  AB  (containing  the  required  angle)  =  290   Log.  ar.  co.  =7-  537602 

Sum=x .    725 


Half  sum  = -   .    .    .    362.5  Log.  =r     .  2.559308 

Remainder  = 167. 5  Log.  :=::    .  2.224015 


Sum=  19.940714 


Arch= 20?55'.46r  Log.  co.sine=  9.970357 

AngleBAC= 41?5ir32r 

Angle  B  A  D=the  angle  C  E  B=25. 45.   0 


Angle  D  A  C  = 16?  6r32r 

In  the  triangle  A  B  D,  the  angles  and  the  side  A  B  are  given  ;  to 
find  the  side  A  D  :  thus,  the  angle  A  B  D  (=  the  angle  C  E  A)= 
30?5r  +  the  angle  D  A  B  (==  the  angle  C  E  B)  =  25?45C  =  the 
angle  A  E B  55*»50!  ;  and  180v-55?50^  =the  angle  A  D  B=124?  10'.  : 
for,  the  angle  A  D  B  is  evidently  the  supplement  of  the  angle  A  £  B ; 
because  the  opposite  angles  of  every  quadrilateral  figure  described  in  a> 
circle  are  equal  to  two  right  angles. — Euclid,  Book  IIL,  Prop.  22. 
Hence,  by  trigonometry, 

As  the  angle  A  D  B  =  124?  10:  Log.  co-secant=10. 082281 
Is  to  the  side  A  B  ==  290      Log.  =^   .     .     .    2.462398 

So  is  the  angle  A  BD  =  30?  5 :  Log.  sine  =     .    9. 700062 


To  the  side  AD  =    .     175.69    Log.  =  .     .     .    2.244741 

In  the  triangle  A  D  C,  the  two  sides  A  G,  A  D,  and  the  included 
angle  D  A  C,  are  given  ;  to  find  the  angle  A  C  D  :  hence,  by  oblique 
angled  trigonometry.  Problem  III.  page  179, 

As  side  A  C  240+  side  A  D  175. 69==   415. 69    Log.  at*,  co.  7. 381230 

la  tosideAC240-side  AD  175.69:=     64.31     Log.  »rr     .  1.808279 

So  is  180? -angle  DA  C  16?6f32ri  .,_.,.  ,^  .      ^         _^  o^innio 
—  163?53'.SWr^2=  .     /81^56U^r  Log.ta Jig.  10.849213 

Tohalfdiff.ofangle8ADCandACD^47?)£;  cT  Log.tiing.  10.038722 


Angle  AC  D—     ...*..    34?i3|4ir 


In  the  triangle  A  E  C^  the  angles  and  the  wde  AC  are  f^en  ;  to  6p4 
the  tides  E  A  and  E  C :  thiin,  the  angle  C  E  A  30? 5 :  -|- the  aagle  ACS 
34?23f4K=^64?28^4K;  and  180? -64 ?28:4K  c=|the  angle  EAC 
115?3in9T-— Hence^  by  oblique  angled  trigonometry,  Problem  I.^ 
page  177, 

To  find  the  Side  E  A. 

As  the  angle  A  E  C  =   •    .    30?  5  ^  Or  Log.  co-secant  =  10, 299938 
Is  to  the  side  AC  =     .     .        240  Log.  =      .    .    .     2.380211 

So  is  the  angle  A  C  E  =    •    34?23: 41 :  Log.  sine  =  .     .     9. 751965 


To  the  side  EA=    .     .     .        270.47     Log.  =      .    .     .     2. 4321 U 

To  find  the  Side  EC. 

As  the  angle  AEC  =      ...    30?  5:  Or  Log.  =    .     I0.39$KI39 
Is  to  the  side  A  C  =  .    .     .     .        240  Log.  ==     .      2. 380211 

So  istheangleEACs       .     .  115?3i:i9r  Log.  sine=    9.9S5407 


To  the  side  EC  =       .    •    •    ..        432. Q7    Log- =    '      2.635556 

In  the  triangle  ABE^  the  sides  AB,  AE^  and  the  angles  A  EB, 
E  A  B^  are  given ;  to  find  the  side  E  B  :  thus,  from  the  angle  EAC 
I15?3m9^  take  the  angle  B  AC  41?51'32r,  and  the  remainder  is 
the  angle  E  A  B  =  73?39147r     Hence,  by  trigonometry. 

As  the  angle  A  E  B  ^^  .    .    55?50f  O''  Log.  cosecant  =  10. 062281 
IstothesideAB  =    .     .        290  Log.  =    .    .    .    2.462396 

So  is  the  angle  KAB=     .    73?39r47r  Log.  sine  =  .     .    9.982101 


To  the  side  E  B  =  ^    ^     .     336.34        Log.  =    ,    .    .    2*  526780 

Hence  the  distance  of  the  object  A  from  the  observer  at  E,  is  27X).  47 
yards  ;  that  of  C,  432. 07  yards ;  and  that  of  B,  336. 34  yards. 
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Problem  VII. 

Given  the  DiiUmces  between  three  Ol^ect$^  and  the  Asnffuimr  Distances 
between  these  Objects ^  taken  at  any  Poini  within  the  Triangle  formed 
by  the  right  lAnes  connecting  the  Objects  ;  to  find  the  Distance  between 
that  Point  and  each  of  the  Objects. 

Rule.  * 

Let  A,  B,  and  C,  be  any  three  objects  whose 
distances  from  each  other  are  given^  and  E  the 
place  of  the  observer  :  complete  the  triangle 
ABC;  at  £9  observe  the  angles  A  E  C,  A  E  B^ 
and  B  E  C  ;  make  the  angle  BAD  equal  to  the 
supplement  of  the  angle  B  E  C  ;  in  like  manner^ 
make  the  angle  A  B  D  equal  to  the  supplement  of 
the  angle  A  £  C  :  hence  the  point*  D  is  found. 
Through  the  three  points  A,  B,  and  D^  describe 
a  circle ;  join  D  C^  and  it  will  cut  the  circle  in  E^ 
the  place  of  the  observer ;  connect  the  points  A  E^  B  E^  and  <}ie  eon- 
stmction  will  be  completed ;  the  calculations  in  wliich  wifl  be  nearly 
similar  to  those  in  the  preceding  Problem. 

Example. 

Let  A,  B,  and  C,  in  the  above  diagram^  be  any  three  known  dbjects 
whose  distances  from  each^  other  are  as  follow  :  viz.,  A  B,  620  yards ; 
A  C,  570  yards ;  and  B  C,  460  yards.  At  a  point  E,  within  the  triangle 
fermed  by  those  objects,  the  angle  A  £  C  was  measured  with  a  circle, 
and  fonnd  to  be  125?  15: ;  the  angle  A  EB,  124?15f ;  and  the  jmgle 
B  £  C,  110?^:  ;  required  the  distances  E  A,  £  C,  and  £  B  ? 

In  the  triangle  A B D,  the  angles  and  the  side  A B  are  given;  !to 
find  the  side  A  D  :  thus,  the  angle  BAD  69?30:  =the  supplement  of 
the  angle'BEC;  the  angle  A  B  D  54?45:=the  supplement  of  the 
angle  A  EC;  and  the  angle  AD  B  55*^45  :=  the  supplement  of  the 
angle  A  £  B.     Hence,  by  trigonometry, 

• 

As  the  angle  A  D  B  =    .     .     .     55?45C  Log.  co-secant  =  10. 082710  - 

Is  to  the  side  A  B  = 620        Log.  =     .     .     .    2.792882 

So  is  the  angle  A  B  D  =     .     .     54M5  i  Log.  sine=  .     .    9. 912032 

To  the  side  AD  =   .    •     .    .    612.54    Log.-     .     .    .    2.787134 

In  the  triangle  ABC,  all  the  sides  are  given ;  to  find  the  angle 
BAG:  which,  being  added  to  the  angle  BAD,  will  givethe  obtuse 
aqgle C  AD.    Hence,  by  trigonometryj  Problem  IV.^  j^eige  IfiQ. 


SUeBC  = 
SMleAC  = 
SideAB  = 

.    46!> 

.    630 

Loc-  V. 

eaaip.=  7.244125 
cnnp.s  7-207608 

Sai  =  •    • 

.  1650 

Beaudndcr  = 

22:37: 

Loc.= 
9-  hog. 

.    .    .    2.916454 

.  .  .  2.a(e!2aa 

Sani=  19.930180 

co-unc=  9.9652-10 

AiigleCAB=43:14^18:-r  angle  BAD  =  69:30:  =  angle 
CADlU-:44'18r 

In  the  triangle  A  C  D,  the  sides  A  C,  A  D,  and  the  included  angle 
C  A  D  are  given  ;  to  find  the  angle  AC  D  :  hence,  by  oblique  angled 
trigooometrr.  Problem  III.,  page  179, 

As  the  ude  AD  612.54 + the  side  AC  570=  1 182. 54  Lc^.ar.co.  6. 927184 

54Loe.=r      1.628798 


So  is  180: -angle  CAD  114:44:I8'K^  o.-,-,.x  ^  rww^. 

=65?I5^42^2=  J32:37:5KLog.tang.  9.806374 

To  half  diff.  of  angles  ACD  and  ADC=:  1 :  19:  lOrLog.tang.  8. 362356 

AngleACD= 33=57:   I' 

f  In  the  triangle  A  D  C,  all  the  angles  and  the  side  A  C  are  given ;  to 
find  the  sides  AE  and  EC  :  thus,  the  angle  A  EC  125?  1 5 .  +  angle  ACE 
33?57:i"  =  159?12:ir;  and  180?-.159?12:ir  =  the  angle  C  AE 
20?47:59T     Hence,  by  oblique  angled  trigonometry.  Problem  I.,  page 

177, 

To  find  the  Side  A  E. 

As  the  angle  AEC  =  .  .  125?  15:  Or  Log-  co.8ecant=  10.087968 
Is  to  the  side  A  C  =     .     .        570  Log.  ==     .     .     .     2. 755875 

So  is  the  angle  A  C  E  =    .      33?57:   1  r  Log.  sine  =       .     9. 747002 

TothesideAErr  .     .     .        389.80      Log.  r^     •    «     .    2.590845 

To  find  the  Side  E  C. 
As  the  angle  AE  C  =     .     .  125?  15:  Or  Log.  co-secant=  10.087966 
Is  to  the  side  A  C  r:       .     .      570  Log.  ^     .     .     .    2. 7o5«!b 

So  is  the  angle  C  A  E  s      .    20?  47 :  59r  Log.  sine  « '  •    .    9. 550359 

TothesideECa     ...      347.86      Log.a    .    .    •    2.394902 


In  the  triangle  BECJ,  given  the  sides  BC,  CE,  and  the  angle  BEG; 
to  find  the  angle  B  C  E,  and,  thence,  the  side  B  E  :  the  angle  B  C  E  is 
found  by  oblique  angled  trigonometry,  Problem  II.,  page  178;  and 
the  iiide  B  E  by  Problem  I.,  page  177*     Hence, 

To  find  the  angle  B  C  £. 

AsthesLdeBCs       ...    460  I^g.  ar.  comp.»  7. 337243 

Is  to  the  angle  B  E  C  s  .     .     1 10?30^       Log.  sine  e      .    9. 971588 
So  is  the  side  E  C  =  .     .     •    247.86         Log.^=    .     •     .    2.394202 

To  the  an«;le  C  B  £  >;:      .    .      30?18MKLog.  8ioe=     .    9.703032 
Angle  BE C=      ....     110.30.   0 

'■     'J  ■ 

Sum=; 140?48Mlr;  andl80?-140?48Mir= 

the  angle  B  C  E  =  39?  1 1 :  19? 

To  find  the  Side  B  E. 

As  dw  angle  B  E  C  »  .    .     1 10?dO<  Or  Log.  co-secantxrlO.  028412 
I«  «G  4^  «ide  B  C  =     .     .        460  Log.=     .     .     .    2.662752 

S«  i»  the  angle  B  C E  =   .      39° U  ^19?  Log.  sine  »=     ,    9,800631 

TothesideBE=.  .     .    .        310. 3J       Log.-=    .     .    .    2.491795 

Hence  tixe  required  distances  are,  E  A,  389. 80  yards ;  E  B,  310. 31 
yards ;  and  E  C,  247. 86  yards. 

P&OBLSM    VIII. 

CNven  the  Distances  between  three  Objects  situated  in  a  strcdght  lAnCj 
umd  the  Angular  Distances  of  these  Obfecfs  taken  at  mniy  Fmnt  in  the 
same  horizontal  Plane ;  to  find  the  Distance  between  that  Point  and 
each  of  the  Otjects. 

Ijet  the  points  A,  B,  and  C,  be  any  three  p 

objects  situated  in  a  straight  line  :  make  the 
angle  A  C  D  equal  to  the  observed  angle 
A  E  B,  and  make  the  angle  D  A  C  equal  to 
the  observed  angle  B  £  C  :  hence  the  point 
D  is  found.  Through  tjj^e  three  points  A, 
D^  and  C^  describe  a  circle ;  join  D  B,  and 
produce  it  till  it  cuts  the  circle  in  E  :  then 
£  win  be  the  place  of  the  observer,  and  EA, 
EB^  wd  EIC^  th(s  xeqiured  distances. 

s  s 
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Let  A,  B^  and  C,  in  the  above  diagram^  be  any  three  known  objects 
situated  in  a  straight  line,  whose  distances  from  each  other  are  as  fol- 
low :  viz^  A  B,  490  yards  ;  B  C,  300  jrards ;  and  A  C,  790  yards :  at 
a  point  El,  the  angle  B  E  C  was  observed,  and  found  to  be  43^,  and  the 
angleBEA33!45r  ;  reqmred  the  distances  E A,  E B,  and  EC? 

In  the  triangle  A  D  C,  all  the  angles  and  the  side  A  C  are  given ;  to 
find  the  side  AD  :  thus,  the  angle  DAC  43?=the  observed  angle  BEC; 
the  angle  ACD  33M5'=the  observed  angle  BE  A  ;  and,  consequently, 
the  angle  AD C=  103?  15'  :  hence  the  side  AD  may  be  found. 

As  the  angle  AD C==      .     .     103?  15^  Log.  co-secant  =:   10.011718 
Is  to  the  side  A  C  =  ...     790  Log.  =      .     .     .     2.897627 

So  is  the  angle  A  CD  =  .     .      33^45:  L<^.  sine  =  .     .     9.744739 


To  the  side  AD  =      .     .     .    450.94    Log.  ==     .     .     .     2.654064 

In  the  triangle  A  B  D,  given  the  sides  A  B,  A  D,  and  the  included 
angle  D  A  B ;  to  find  the  angle  A  B  D  :  hence,  by  trigonometry.  Pro- 
blem in.,  page  179, 

As  the  side  AB  490+ the  side  AD  450. 94=940. 94  Log.ar.co.  7-  026438 
Is  to  the  side  A  B  490- side  AD  450. 94=  39. 06  Log.  =  1 .  591732 
So  is  180?— angle  DAB  43?  =  137? -4-2=68?30:  O^Log.tang.lO.  404602 


Tohalfdiff.  of  angles  ADB  and  ABDr=  6?  0:57-Log.tang.  9.022772 


AngleABD= 62?29^  3"  ;  and,  since  thetwo 

straight  lines  A  C  and  D  E  intersect  each  other  in  the  point  B,  the 
opposite  angles  are  equal  to  one  another  (Euclid,  Book  I.,  Prop.  15) : 
therefore  the  angle  E  B  C  is  62?29:3r,  equal  to  the  angle  A  B  D.  In 
like  manner,  the  angles  D  B  C  and  ABE  are  equal  to  one  another ; 
and  because  D  B  C  is  the  supplement  of  the  angle  D  B  A,  it  is  equal 
to  ll7?30^57r  :  hence  the  angle  AB  E  is  also  equal  to  117?30C57*' 

In  the  triangle  ABE,  all  the  angles  and  the  side  A  B  are  given  ;  to 
find  the  sides  E  A  and  E  B  :  thus,  the  angle  B  E  A  33?45 '  -fthe  angle 
ABE  117?30:57r  =  151?15r57^;  and  180?-151?15'57r  =  the  angle 
B  A  E  28? 44 ^3:     Hence,  by  trigonometry.  Problem  L,  page  177, 
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To  find  the  Side  E  A. 

As  the  angle  BE  A=    .     .    33?45^  0^  Log. co-8ecant=  10.255261 
Is  to  the  side.  A  B  =      .     .        490  Log.  =     .     .     .    2.690196 

So  is  the  angle  A  B E  =     .  117^30:57''  Log.  sine  =       .    9. 947867 

To  the  side  EA=     •     .     .        782.21     Log.=     .    .    .    2.893324 

To  find  the  Side  E  B. 

As  the  angle  B  E  A  =  .     .     33?45:  0'/  Log.  co- secant  =  10.255261 
Is  to  the  side  A  B  =      .     .      490  Log.  =     .     .     .    2.690196 

So  is  the  angle  B  A  E  =     .     28?44 :  3^  Log.  sine  =        .    9. 681917 

To  the  side  EB=     .     .     .      424.01       Log.  =     ...    2.627374 

In  the  triangle  E  B  C^  given  the  sides  E  B^  B  C^  and  all  the  angles  ', 
to  find  the  side  EC. 

As  the  angle  BE  C  =    .     .    43?  0:  0'/  Log. co-secant  =  10. 166217 
Is  to  the  side  B  C  =      .     .      300  Log.=     .     .     .    2.477121 

So  is  the  angle  E  B  C  =    .    62?29'  3'/  Log.  sine  =  .     .    9. 947866 

To  the  side  EC  =     .     .    .      390.13      Log.=    .    .     .    2.691204 

Hence  the  required  distances  are^  £  A^  782. 21  yards ;  £l  B^  424. 01 
yards  j  and  E  C,  390. 13  yards. 

Remark. — The  above  Problem,  together  with  that  given  in  page  620, 
will  be  found  exceedingly  useful  to  a  general  or  other  officer  employed 
in  conducting  the  military  operations  of  a  siege ;  because,  if  he  can 
only  procure  a  correct  map  of  the  town  or  garrison  which  he  may  have 
occasion  to  invest,  so  as  to  ascertain  the  relative  distances  between  any 
three  desirable  positions,  the  above  Problems  will  enable  him  to  find 
his  absolute  distance  from  those  positions  without  the  trouble  of  mea- 
suring a  base  line :  nor  is  it  necessary  to  resort  to  trigonometrical  cal- 
culation for  this  particular  purpose,  since  the  distances  may  be  readily 
determined  by  geometrical  projection,  to  every  degree  of  accuracy  de- 
sirable in  such  operations. 

Problem  IX. 
Given  the  Height  of  the  Eye  ;  to  find  the  Distance  of  the  visible  Horizon. 

Rule. 

•  Let  the  earth's  diameter,  in  fcety  be  augmented  by  the  he'ght  of  the 
eye ;  then,  to  the  logarithm  thereof,  add  the  logarithm  of  the  height  of 

s  s2 


the  eye  ;  frotz.  Lalf  the  iom  of  tkesie  tvo  laguithms  sabtract  the  eoo- 
staini  Ic/pni'am  ^  7^i^>L,*^  ajui  the  remainder  will  be  the  logaritbi 
of  th^  f?T*tir.cg  in  r^:.^cal  milef ;  vhich  is  to  be  incraMed  bjr  a  twdikh 
part  of  itielfy  on  acoscmt  of  termtriai  rrfiractioiLp 


Cbimbora90,  the  highest  part  of  the  Andes,  is  said  to  be  20633  feet 
abore  the  level  of  the  sea :  now.  adantting  that  an  obaerrer  be  phced 
upon  its  summit,  ml  what  distance  can  he  see  the  risible  hmizon,  al-' 
Icming  a  twelfth  part  of  that  distance  for  the  effects  of  refiraction  ? 


Diameter  of  the  earth,  in  feet  =       .     .     41804400 

Elevation  of  Chimboni^o  20633-1-3  feet,  )       ongao  Loff*  =  4  314BGB 
the  height  of  the  observer's  eye  =        '  ©•  • 

Simi=: 41825038  Log.  ==  7-621436 

Sams 11.986104 

Halfsnm= 5.968052 

Constant  log.  = 3. 788904 

Distance  uncorrected  by  refraction  =  .     .     152.81  L(%.=  2. 184148 
Allowance  for  terre^strial  refraction  =        .       12. 40 

Dist.  at  wkch  the  visible  horizon  maybe  seen= 165. 21  miles. 


Problem  X. 

Given  the  meoiured  Length  of  a  base  Lime  ;  to  find  the  AUawancefor  thfi 

Curvature  or  Spherical  Figure  qf  the  Earth. 

Rule. 

Let  EBF  represent  the  arc  of  a  great 

circle  on  the  earth ;  C,  the  earth's  cen- 
tre ;  C  B  its  semidiameter ;  and  A  B 
the  measure  of  a  base  linc^  on  an  appa- 
rent level  or  horizontal  plane  on  the 
earth's  surface  :  join  C  A,  and  it  will 
cut  the  arc  of  the  great  circle  in  D ;  then  A  D  will  be  the  excess  of 
the  apparent  level  of  the  horizon  above  its  true  level. 


*  This  Iff  the  lossrithm  of  6080,  the  nuaber  of  leet  in  s  ntutiad  infle^ 
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Now,  in  the  right  angled  plane  triangle  ABC,  given  the  perpendi- 
cular B  C  and  the  base  A  B  ;  to  find  the  hypothenuse  A  C  :  which  is 
readily  determined  by  Euclid,  Book  I.,  Prop.  47.  Then,  the  difference 
between  A  C,  thus  found,  and  C  D  =  C  B,  will  be  equal  to  D  A,  or  the 
absolute  value  of  the  true  level  below  the  apparent  level  i  and,  if  this 
value  be  expressed  in  miles  and  decimal  parts  of  a  mile,  it  may  be  re- 
duced to  inches,  if  necessary,  b^  being  multiplied  by  63360  =  the 
number  of  inches  in  an  English  mile. 

Example, 

Let  the  base  line  A  B,  in  the  above  diagram,  be  1  English  mile,  and 
the  earth's  semidiaineter  B  C=3958. 75  miles  ;  required  the  allowance 
for  the  earth's  curvature  answering  to  that  base  line,  or  the  difference 
between  the  true  and  apparent  levels  on  the  earth's  surface  expressed 
bv  the  measure  of  the  line  A  D  ? 

BC  3958. 75xBC  3958.75=15671701.5625 
AP==JxAB=l=     .    •    .  I. 


Sura  of  the  squares  =       .     .     1 567 1 702. 5625 ;  the  square 

rootofwhich=CA,  is 3958.7501263 

Subtract  C  D=?C  B,  the  earth's  8emidiametcr=     .     .    3958. 7« 


JIM 


"•■•i 


Itemainder— the  line  AD,  the  allowance  for  curvatures^OOOO. 0001263 
Multiply  by  tlie  number  of  inches  in  an  English  mile=  63360, 


Number  of  inches  which  the  true  level  is  below  the 
apparent  level  in  one  mile  =3 8. 0033680 

Now,  since  the  curvature  answering  to  A  B  is  known,  that  corre- 
sponding to  any  other  base  line  on  the  earth's  surface  may  be  readily 
determined  by  the  following  proportion  ;-— 

As  the  square  of  A  B,  is  to  A  D ;  so  is  the  square  of  B  G,  to  G  H  : 
whence  it  is  manifest,  that  tlie  curvature  answering  to  any  given  dia* 
tance,  as  B  G,  is  in  the  delicate  ratio  of  that  distance  to  A  B : 

And,  since  AB  is  expressed  by  unity  or  1,  and  that  A  D  is  a  con- 
stant quantity,  the  proportion  may  be  reduced  to  a  logarlthmical  ex- 
pression ;  as  thus  :— 

To  twice  the  logarithm  of  tlie  given  base  line^  expressed  in  miles 
and  decimal  parts  of  a  mile,  add  the  constant  logarithm  0.903219  (the 
log.  of  8. 002368  inches)  i  and  the  aum  will  be  the  logarithm  of  the 
number  of  %ncke$  wd  decimdlpurii  qf  an  iacA  whivb  th^  true 
level  at  9ea  is  below  its  apparent  l^vel, 
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Exanqtle, 

Required  the  curvature  of  the  earth  answering  to  a  distance  of  2 

miles  on  its  surface  ? 

Di8tance=2  miles  ;  twice  the  log.  =     •    0, 602060 
Constant  log.  = 0.908219 

Curvature,  in  inches=32. 009    .    Log.=  1 .  505279 

Hence,  the  curvature  answering  to  a  distance  of  2  miles  on  the  sur- 
face of  the  earth,  is  32. 009  inches  ;  or  2j  feet,  nearly. 

Remark, — If  to  twice  the  logarithm  of  the  given  base  line,  in  miles, 
the  constant  logarithm  9. 824037  be  added,  the  sum  (abating  10  in  the 
index)  will  be  the  logarithm  of  the  excess  of  the  apparent  above  the 
true  level,  in  feet. 

Examph. 

Required  the  curvature  of  the  earth,  or  the  excess  of  the  apparent 
above  the  true  level,  answering  to  a  base  line  of  15  English  miles  in 
length  ? 

Given  base  line  =15  miles;  twice  the  logarithms    .    •     .    2.352182 
Constant  log.=log.  of  8. 002368  inches,  diminished  by  the 

log.  of  12  inches  = 9.824(07 

Excess  of  the  app.  above  the  true  level,  in  ft.= 150.044  Log.s=2. 176219 

JVb/e.— This  Problem  will  be  found  useful  to  land-surveyors,  engi- 
neers, and  others  employed  in  the  art  of  levelling,  cutting  canals^  and 
conducting  water  (by  means  of  pipes,  &c.)  from  one  place  to  another. 


Problem  XI. 

Given  the  measured  Length  of  a  Base  Line  on  mny  elevated  Level;  to  fad 
its  true  Measure ,  when  referred  to  the  Level  of  the  Sea, 

Rule. 

In  the  annexed  diagram,  let  the  arc  A  B  represent  the  j^ 
measured  length  of  a  base  line,  at  any  given  elevation 
above  the  level  of  the  sea  expressed  by  the  arc  D  E  ;  let 
C  D  be  the  radius  of  the  earth,  or  the  distance  from  its 
centre  to  the  surface  oif  the  sea ;  and  let  CA  be  the  earth's 
radius  referred  to  the  level  of  the  measured  base  line  AB. 
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Now,  because  the  arcs  A  B  and  D  E  are  concentric  and  similar,  and 
that  similar  arcs  of  spheres  are  to  each  other  as  their  radii,  we  have 
the  following  analogy  5  viz.. 

As  the  radius  C  A,  is  to  the  radius  CD ;  so  is  the  arc  AB,  to  the  arc 
SE  :  that  is,  as  the  earth's  semidiameter,  augmented  by  the  height  of 
the  base  line  above  the  level  of  the  sea,  is  to  the  earth's  true  semidia- 
meter ;  so  is  the  measured  length  of  the  given  base  line,  to  the  true 
measure  of  that  line  at  the  surface  of  the  sea. 


Example, 

Given  a  base  line  of  36960  feet  in  length,  measured  on  a  horizontal 
plane  which  is  elevated  120  feet  above  the  level  of  the  sea;  required 
fhe  measure  of  that  base  line  at  the  surface  of  the  sea  ? 

As  C  D=20902200+D  A=  120=  C  A  20902320  =  A  B  36960::C D 
20902200  :  D  E=36959. 787813.  Hence  the  given  base  line,  reduced 
to  the  level  of  the  sea,  is  36959. 787813  feet  j  which  is  about  2i  inches 
less  than  the  measure  on  the  elevated  horizontal  plane. 

But,  since  the  probable  elevation  of  any  horizontal  plane  on  the 
earthy  above  the  level  of  the  sea,  can  bear  but  a  very  insignificant  pro- 
portion to  the  earth's  semidiameter, — if,  therefore,  the  product  of  the 
measured  base  line  by  its  height  above  the  level  of  the  sea  be  divided 
by  the  earth's  radius,  the  quotient  will  be  the  excess  of  the  measured 
biase  above  the  corresponding  arc  at  the  surface  of  the  sea.  This  may 
be  reduced  to  a  logarithmical  expression,  in  the  following  manner ; 
▼iz.^  to  the  constant  logarithm  2. 679808,  add  the  logarithms  of  the  base 
line  and  of  its  elevation  above  the  level  of  the  sea,  both  expressed  in 
fcet :  the  sum  will  be  the  logarithm  of  a  natural  number,  which,  being 
taken  from  the  measured  base  line,  will  leave  the  measure  of  that  line 
at  tiie  surface  of  the  sea,  sufficiently  near  the  truth  for  all  practical 
purposes.    Thus,  to  work  the  last  Example, 

Constant  log.  =:ar.  CO. of  the  log.of  the  earth's  semidiam.inft.=2, 679808 
Eleva.of  given  base  line  above  level  of  sea=  120  feet.  Log.=:2. 079181 
Measured  length  of  the  given  base  line=3e960  feet.       Log.=4. 567732 


Excess  of  the  given  base  line  above  the 

arc  at  the  surface  of  the  sea  =      .     .     -0. 212188  Log,=9. 326721 


Given  base  line,  red.  to  level  of  sea  =  36959. 787812 ;  which  approxi- 
mates so  very  closely  to  the  true  result  by  the  direct  method  of  compu- 
tation^ as  scarcely  to  admit  of  any  sensible  difference. 
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Remark.'^In  consequence  of  the  spherieal  figuf  i<  of  the  Mitb^  no  two 
points  on  its  surface  can  be  situated  exactly  on  the  saiiie  botizonlal 
plane ;  for  it  is  the  chord  of  the  arc,  and  not  the  ate  itftetf^  that  mea- 
sures the  horizontal  distance  between  two  points.  Hence^  when  phi- 
losophical inquiries  are  under  consideration,  it  becomes  necessary  to 
apply  a  small  correction  to  the  measured  base  line  on  a  hotiaonUd 
plane^  so  as  to  reduce  it  to  the  corresponding  terrestrial  arc  *,  thoogfaj 
in  general,  this  correction  is  so  very  inconsiderable^  that^  eren  In  Um 
most  extensive  trigonometrical  surveys,  it  may.  be  safely  disregarded. 
If,  however,  it  be  deemed  necessary  to  find  its  value,  or  (which  amounts 
to  the  same  thing)  if  the  excess  bt  the  arc  over  its  chord  be  required, 
it  may  be  very  readily  determined  by  the  following  Rule^  to  every 
desirable  degree  of  accuracy ;  viz., 

From  thrice  the  measured  length  of  the  base  line,  in  feet,  subtract 
the  constant  logarithm  IG.  020595  :  the  remainder  will  be  the  logarithm 
of  the  excess  of  the  arc  over  its  corresponding  chord,  expressed  by  the 
given  base  line. 

Example, 

Let  it  be  required  to  find  the  excess  of  the  terrestrial  arc  over  its 
chords  answering  to  a  measured  base  line  of  36900  fieet  in  lengthy  or 
Heven  Englbh  miles  ? 

Given  base  line=36960  feet ;  thrice  its  logarithm  =    .     •     13. 703ld6 
Constant  log.=log.  of  24  times  the  square  of  the  earth's 

radius,  in  feet=     .     .     • 16.Q20S95 


Excess  of  the  arc  over  its  chord,  in  feet=0.004815Log.s— 7.662601 

Hence  it  is  evident,  that  the  extent  by  which  a  terrestrial  arc  of 
36960  feet  exceeds  the  chord  of  the  same  arc,  is  only  the  small  deci- 
mal fraction  .004815  of  a  foot, — an  excess  so  very  trivial,  as  to  be 
scarcely  worth  taking  into  account,  even  where  the- greatest , accuraqr 
is  required :  for,  in  the  present  instance,  though  the  base  line  is  7 
English  miles  in  length,  it  amounts  to  no  more  than  about  the  two 
hundred  and  seventh  part  of  afoot. 


Note. — The  index  of  the  logarithm  of  the  excess  comes  out  a  neg^* 
tive  quantity,  because  the  index  of  the  constant  logarithm  is  greater 
than  that  of  the  term  fromwhlch  it  is  subtracted. 
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Problem  XII; 
To  find  the  HmgU  Md  Distance  qf  a  Hitt  or  MaufUam. 

Rule. 

Let  the  point  A,  in  the  annexed 
diagram,  be  the  summit  of  a  hill, 
the  height  of  which,  AB,  is  to  be 
determined ;  and  let  the  point  C 
be  the  place  from  which  its  dis- 
tance is  to  be  found :  atC^  observe 
the  vertical  angle  A  D  E  ;  then 
measure  any  convenient  distance 
for  a  base  line,  as  C  F ;  at  the 
point   C,   observe    the    inclined  i^ 

angle  AGP,  and,  at  P^ observe  the  angle  A P C.  Now,  In  the  inclined 
triangle  ACFj  given  the  angles  and  the  side  FC;  to  find  the  side  AC, 
which  may  be  considered  as  being  essentially  equal  to  the  side  A  D  : 
and,  in  the  vertical  or  right  angled  triangle  A  E  D,  the  angle  A  D  E 
and  the  hypothenuse  or  side  A  D  are  given ;  to  find  the  perpendicular 
A  £ :  to  which,  the  height  of  the  eye  B  E=>C  D  being  ftdded,  gives  the 
required  height  A  B. 

Emample. 

Watiting  to  know  the  height  of  the  hill  A  B,  and  the  distance  of  its 
stimmit  A  fh)m  the  point  C,  the  vertical  angle  A  D  E  was  observed, 
and  found  to  be  14?30'  ;  at  the  points  C  and  F,  500  feet  asunder,  the 
inclined  angles  ACF  and  APC  were  measured,  and  found  to  be  80?5^, 
and  73'80?  fWipeiitifely ;  required  the  distance  of  the  point  A  from 
the  ob«etvef  at  C^  and  Its  height  above  the  level  of  the  horizontal 
plane  C  B  ? 

In  the  ineUni^  trinngle  ACF,  the  angles  are  given,  and  the  side 
FC^SOO  feet )  to  find  the  side  or  distance  A  C :  thus,  the  angle  AQE 
aOrSf  -f  th^  iingle  APC  73?90^  «*  153?85:  ;  and  180t  -  153?85!a 
26?25^,  the  measure  of  the  angle  C  A  F.     Hence,  by  trigonometry, 

To  find  the  Distance  AC«the  aide  A  D. 

As  the  angle  CAP  £=  .  .  .  26?35'  Log.  eoMiecants&  10. 351743 
lalotiieeirieCFs  ,  ,  .  500  Log.».  .  .  3.608970 
SoktbeangteCPA-i:      .    .    73?30?  Log.sineaie      .    9.081737 

To  die  distance  A C s     .     .    ,  1077« 55  Log.  ta  .    »    «    8.032449| 

•nd^  since  AC  tad  AD  arte  esietttiatly  e^poalp  lh«  «lde  AD  is  «ko 

1077. 55  feet.  *        .     - 


634  MtaNSVttATION  OP  HSIOHTS  AND  DUTTAMCMU 

To  find  the  Height  A  B. 

As  radius  = 90?  Ix^.  co-secants  TO.  OOOOOO 

Is  to  the  side  A  D=AC    .     .     1077-  55  Log.  =     .     .     .     3. 032449 

So  is  the  angle  A  DE=     .     .     14?30^     Log.  sine  =  .     .     9.398600 


To  the  perpendicular  A E  =   .    269.84    Log.  =     .     .     .     2.431049 
Height  of  the  eye  B  E=C  D  •        5. 


Height  of  A  B  s      ....    274. 84  feet. 


Problem  XIII. 

To  find  the  Height  of  a  Mountain,  by  means  of  two  Baromeien  and 

ThenMfneters. 

Rule. 

Let  two  observers  (provided  with  barometers  and  thermometers  of 
equal  construction)^  carefully  note  down^  at  the  same  instant,  the  re- 
spective heights  of  the  barometers  at  the  top  and  bottom  of  the  moun- 
tain^ or  other  eminence  intended  to  be  measured^  with  the  temperature 
of  the  quicksilver  in  each  instrument  by  means  of  attached  thermome- 
ters^ and  also  the  temperature  of  the  air^  in  the  shade,  by  means  of 
detached  thermometers ;  then, 

Find  the  difference  of  the  logarithms  of  the  observed  heights  of  the 
barometers,  the  first  four  figures  of  which,  besides  the  index,  are  to  be 
considered  as  whole  numbers.  To  this  difference  apply  the  product  of 
0. 454,  by  the  difference  of  the  altitudes  of  the  two  attached  thermo- 
meters, by  subtraction  if  the  temperature  of  the  quicksilver  at  the 
bottom  station  exceed  that  at  top ;  otherwise,  by  addition :  and  the 
sum  or  difference  will  be  the  approximate  height,  in  fathoms,  English 
measure. 

Now,  to  the  logarithm  of  the  approximate  height,  thus  found,  add 
the  logarithm  of  the  difference  between  the  mean  of  the  two  tempera- 
tures of  the  detached  thermometers  and  32?,  and  the  constant  logarithm 
7*  387390 :  the  sum  of  these  three  logarithms  will  be  the  logarithm 
of  a  correction,  which  being  added  to  the  approximate  height  when 
the  mean  temperature  exceeds  32?,  but  subtracted  if  it  be  less,  the 
sum  or  difference  will  be  the  true  elevation  of  the  mountain,  expressed 
in  fathoms ;  which  may  be  reduced  to  feet,  if  necessary,  by  being  mul- 
tiplied by  6. 
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Note. — ^This  Rule  is  deduced  from  that  given  by  Dr.  Hutton^  in  the 
second  volume  of  bis  "  Course  of  Mathematics^"  page  255. 

Example. 

Let  the  observations  at  the  top  and  bottom  of  a  mountain  be  as  fol- 
low ;  required  its  height  ? 

■ 

Attached       Detached 
thermometer,    thermo.    Barometer. 

Obs.  at  bottom=57         ,     57    29.68  Log, =1.472464 
Ditto  at  top=     43'  42    25.28  Log. =1.402777 


Difference  =  .     14  Sum  =99    Differences  0. 0696.87 
Multiply  by    :  454Mean=49i  Product  =     .     -  6^ 


Product  3= -6. 356  32    Approx.alt.s    690.51  Log.  2. 839170 

Diff.=  17ior  17-5  Log.=     ....     1.243038 
Constant  log.  = 7.387390 


Correction  of  the  approximate  altitudes  .    .     +29.48  Log.  1. 469598 
True  altitude  of  the  mountam^  in  fathoms=        719.99^  or  4319.94  ft. 


•■•■ 


Problem  XIV. 

To  find  the  Distance  of  an  Obfect,  by  observing  the  Interval  of  Time 
*  between  seeing  the  Flash  and  hearing  the  Report  qf  a  Oun  or  of  a 
Thunder-Cloudn 

Rule. 

To  the  logarithm  of  the  number  of  seconds  elapsed  between  seeing 
the  flash  and  hearing  the  report^  add  the  constant  logarithm  9.273762;* 
and  the  sum  (abating  10  in  the  index)  will  be  the  logarithm  of  the  dis- 
tance in  nautical  miles ;  or^  if  the  constant  logarithm  9. 335032t  be 
made  use  of^  it  will  give  the  distance  in  English  statute  miles. 

*  This  If  the  nmi  of  the  arithmetical  complement  of  the  logarithm  of  6080,  the  number 
of  feet  in  a  naatical  mile,  and  the  logarithm  of  1142,  the  number  of  feet  which  loand 
tniTcli  in  one  aeoond  of  time. 

f  This  If  the  flum  of  the  arithmetical  complement  of  the  logarithm  of  5280,  the  number 
of  feet  In  an  BngUih  fnile,  and  the  logarithm  of  1142  fiset,  the  eitabUshed  velocity  of 
joond. 


liaiiaUllATION   OF   BSieBTB  AND  DltTASeBS. 


Example  1.    . 

A  ship  at  sea  was  observed  to  fire  a  gun^  and  43  seconds  aftemrards 
the  report  was  heard ;  required  the  distance  of  the  ship  in  nautical 
miles  ? 

Interval  betw,  seeing  the  flash  and  hearing  the gun=4S7Log.=:l.  633469 
Constant  logiftithm  = 9. 273762 


Distance  in  nautical  miles  =      •     .     •     .     .    8.076   Log.  sK>.  907831 

Example  2. 

A  flash  of  lightning  was  seen,  and  after  a  lapse  of  18  seconds  the 
report  reached  the  ear  of  the  observer  j  required  the  distance  of  the 
thunder-cloud  in  English  miles  ? 

Inter,  betw.  seeing  the  flash  &  bearing  the  thunder  =  1 8 !  Log.  ==  1 .  355373 
Constant  logarithm  = 9. 335032 


Distance  of  the  thunder-cloud  in  EnglishmilessS*  894  Log.=0. 590305 


PjlOBLBM   XV. 

Gwen  three  Bearings  of  a  Ship  sailing  upon  a  direct  Course^  aad  On 
Intervals  of  Time  between  those  Bearings  ;  to  find  the  Course  steered 
by  that  Ship,  and  the  Time  of  her  nearest  Distance  from  the  Observer, 


Describe  the  circle  NES  W^ 
and  from  the  centre  C,  the 
place  of  the  observer,  draw  the 
lines  C  A,  C  B,  and  C  D,  to 
represent  the  three  .bearings 
of  the  ship :  through  the  centre 
C  draw  the  line  F  G,  at  right 
angles  to  the  second  bearing 
C  B ;  make  C  F  equal  to  the 
first  interval^  and  jC  G  equal  to 
the  second,  each  being  ex- 
pressed in  minutes,  and  taker 
from  aujr  convenient  scale  of 
equal  parts ;  from  the  points  F 


BuLK^ 
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and  6  draw  the  lines  F  A^  G  D^  parallel  to  the  second  bearing  C  B,  add 
meeting  C  A  and  C  D  in  the  points  A  and  D  ;  join  A  D,  and  it  will  re- 
present the  ship's  track ;  through  C  draw  C  K^  parallel  to  A  D^  and  the 
arch  S  K  will  be  the  measure  of  the  ship's  course.  From  C  let  fall  the 
perpendicular  C  H  upon  thi  line  A  D,  produced  if  necessary ;  and  from 
H  let  fall  the  perpendicular  H I  upon  the  line  F  O^  produced  alsb^  if 
necessary ;  then  the  measure  of  C  I  will  give  the  interv^  between  the 
time  of  the  second  bearing  and  that  when  the  ship  was  nearest  to  the 
observer. 

Make  AL  equal  to  the  difference  between  the  perpendiculars  AF  and 
D  G ;  then,  in  the.  right  angled  triangle  A  L  G^  given  the  perpendicular 
A  L  and  the  base  L  D ;  to  find  the  angle  L  A  D,  which  is  evidently 
equal  to  the  angle  a  C  K ;  to  this  let  the  inclination  of  C  B  to  a  parallel 
be  applied^  and  the  result  will  be  the  apparent  course  of  tlie  ship. 

Example. 

At  1^20?  past  noon  fi  ship^  sailing  upon  a  direct  course,  was  ob- 
serred  to  bear  N.W.  b.  N. ;  at  2*  10?,  she  bore  N.  4  W.  j  and  at  d!26T, 
the  bearing  was  N.E.  b.  E. ;  required  the  apparent  coprse  steered  by 
that  ship,  and  the  time  when  she  was  nearest  to  the  observer  ? 

Solution. — ^The  circle  being  described  and  quartered,  and  the  three 
given  bearings  laid  dow  n  as  above  directed,  through  C  draw  F  G  per- 
pendicular to  the  secoH  d  bearing  C  B  ;  make  F  C  equal  to  50  mintitefl^ 
the  interval  between  tbt'e  first  and  second  bearings,  and  C  G  equal  to 
76  minutes,  the  intervtil  between  the  second  and  third  beafrings:  these 
may  be  taken  from  ar  ly  scale  of  equal  parts.  Then  proceed  with  the 
other  parts  of  the  co  nstruction,  agreeably  to  the  rule ;  now,  the  ship's 
apparent  course,  rep  resented  by  the  angle  S  C  K,  being  applied  to  the 
line  of  chords,  will  be  found  to  measure  72i  degrees  :  hence  the  course 
is  S.  72?30^  E.,  or  E.  b.  S.  {  S.  nearly.  The  perpendicular  G D, being 
applied  to  the  sc.-p.le  of  equal  parts  from  which  the  intervals  were  taken, 
will  be  found  to  measure  40,  and  the  perpendicular  F  A  934  ;  the  dif- 
ference betweejji  which  =  534,  is  the  measure  of  A  L.  Then  C  I, 
measured  upon  the  same  scale,  gives  26  minutes;  which  is  evidently, 
by  the  constm.ction,  past  the  time  of  the  second  bearing :  hence  the 
time  of  the  shfivp's  nearest  approach  to  the  observer  at  C,  is  2!  10?  +26? 
=  2t36?  past  moon.  Now,  the  figure  being  thus  completed,  the  re- 
quired parts  naay  be  obtained  by  trigonometrical  calculation,  in  the 
following  man  ner : — 

In  the  righ^t  angled  triangle  AFC,  given  the  angles  and  the  base 
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FC  60  inmates;  to  find  the  perpendicolar  FA.  Thus,  sinee  die 
straight  line  A  C  falls  upon  the  two  parallel  straight  lines  C  B  and  FA, 
it  makes  the  alternate  angles  equal  to  one  another  (Eudid,  Book  I^ 
Prop. 20)  :  therefore  the  angle  F  A C  is  equal  to  the  angle  A  C  B;  bvt 
the  angle  A  C  B  is  given,  being  equal  to  2i  pmnts,  yiz.,  the  diffemiee 
between  N.W.  b.  N.  and  N.  i  W. :  hence  the  angle  F  A  C  ia  also  eqnil 
to  2i  points. 

In  the  same  manner  it  may  be  shown  (in  the  right  angled  triangle 
D  G  C,  where  the  angles  and  the  base  C  G  75  minutes  are  given ;  to 
find  the  perpendicular  G  D),  that  the  angle  G  D  C  is  equal  to  the  aogk 
BCD;  and  since  B  C  D  is  given,  being  equal  to  5^  points,  viz.,  the 
sum  of  N.E.  b.  E.,  and  N.  ^  W.,  therefore  the  angle  6  D  C  is  also 
equal  to  5i  points.    Hence, 

To  find  the  Perpendicular  6  D. 

As  radius  = 90?         Log.  co-secant  =  lO.OOOOOO 

Is  to  the  base  CG=  ...  75?  Log.  =  .  .  .  1.875061 
So  is  the  angle  GDC  =  5^  points  Log.  co-tangent  =  9. 727957 


To  the  perpendicular  G D  =  40. 09        Log.  =      .     .     .     1. 603018 

To  find  the  Perpendicular  F  A. 

As  radius  = 90?        Log.  co-secant  =  .10.000000 

Is  to  the  base  F  C     .     .     .     .    50r        Log.  ==       .     .     .     1.608970 
So  is  the  augle  F  A  C  =  2^  points  Log.  co-tangent  =  10. 272043 


To  the  perpendicular  F  A  =  93. 54         Log.  =  .....     1 .  971013 
Perpendicular  G  D  =  .     .     40. 09 


Difference  = 53. 45,  which  is  equal  to  the  part  A  L. 

In  the  right  angled  triangle  A  L  D,  given  the  base  L  D  =:  F  G  125 
minutes,  and  the  perpendicular  A  L  53.  45  ;  to  find  the  angle  LAD: 
therefore, 

As  the  perpendicular  A  L==53. 45  minutes    Log.  ar.  comp.=8. 272052 
Is  to  radius  =  ....    90.   0  ,     Log.  sine-:       lO.OOOOOO 

So  is  the  base  L  D  =      .125     minutes      Log.  s=       ...     2. 096910 


To  the  angle  L  A  D  =    .    66?50:54^  Log.  tangen t»  10. 368962 
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N0W9  since  C  K  is  parallel  to  A  D^  and  C  a  to  A  L^  the  angle  a  C  K 
is  equal  to  the  angle  LAD;  bnt  the  angle  L  A  D  is  founds  by  compu- 
tation^  to  be  66?50^54?;  wherefore  the  angle  aC  K  is  also  equal  to 
66?50'54r  :  to  this  let  the  angle  a  C  S  ==  the  angle  N  C  B  Oi  pointy  or 
5?37^30r,  be  added;  and  the  sum  72?28r24r  »  the  angle  SCK  is 
the  apparent  course  of  the  ship  between  the  south  and  the  east,  viz., 
S.72?28:24r  E.,  or  E.  b.  S  4  S.  nearly. 

We  have  now  to  determine  the  measure  of  the  base  C  I^  in  the  right 
angled  triangle  C I  H  ;  to  do  which,  we  must  first  find  the  value  of  the 
hypothenuse  AC  in  the  right  angled  triangle  AFC,  and  that  of  the 
base  C  H  in  the  right  angled  triangle  A  H  C.    Thus, 

To  find  the  Hypothenuse  A  C. 

As  radius  = 90?         Log.  co-secant  =   10.000000 

Is  to  the  base  F  C  =      ...    50?        Log.  =       .     .     .     1.698970 
So  is  the  angle  F  A  C  =  2^  points  Log.  co-secant  ==  10. 326613 


To  the  hypothenuse  A  C  =        106. 07    Log.  s       ...    2. 025583 

To  find  the  Base  C  H. 

As  radius  = 90?         Log.  co-secant  =  10. 000000 

Is  to  the  hypothenuse  A  C  =     106. 07     Log.  =x      ...    2. 025583 
SoisLAD-FAC  =  CA H=38?43:24r  Log.  sine  =       9. 796269 


To  the  base  CH=    .     .     .     .    66.35    Log.  =      .     .     .     1. 821^52 

Now,  in  the  right  angled  triangle  C  I H,  given  the  hypothenuse 
C  H  =  66.35  minutes,  and  the  angle  C  H  I ;  to  find  the  ba^e  C  I. 
The  measure  of  the  angle  C  H  I  is  thus  determined.  In  all  quadrila- 
teral or  four-sided  figures,  the  sum  of  the  four  angles  is  equal  to  four 
right  angles,  or  360  degrees.  Now,  in  the  quadrilateral  figure  AHIF, 
since  three  of  the  angles  are  given,  the  remaining  or  obtuse  angle  A  H I 
is  known  by  subtracting  the  sum  of  the  given  angles  from  360  degrees: 
thus,  the  angle  HIF90?  +  IFA90?+FAH  66?50r54r=.246?60:54"; 
and  360?  -  246?50r54^  =  113?9.6?,  is  the  measure  of  the  angle 
A  H  I ;  from  which  take  away  the  right  angle  A  H  C  9G?  and  the 
remainder  ss23?9'6''  is  the  absolute  measure  of  the  angle  C  II  I. 
Hence  C  I  may  be  readily  found ;  as  thus  : — 


M0  pmA0fi«yub.  mjwmwmwh 


AiTidnssr go?  Lc«.c«MMttiti«  10.000000 

SoistheaflgleCHI^      23!9:6:  hog.  me  ^      »    9.504671 


Totheiiitenrmli>rbMeCl826  .OOmiimteBLog^.:^:  .     .     .     1.416424 
Tine  of  Mcood  beariii^ss3*  lOT.  0 


Sam  s        27367.00;  wUcfa  is  the  tine  of  tiie  thip'i 

neareot  appioadi  to  the  obtenrer. 

Note. — ^This  intemting  ProUeBi  is  thus  worked  at  length,  trfgoiw* 
metrically,  with  the  view  of  adapting  it  to  the  use  of  mariners  m 
general;  though,  indeed,  in  such  cases,  cakndalioB  need  not  be  resorted 
to,  since  the  solution  deduced  from  geometrical  construction  will  always 
be  snficientlf  near  the  tntth. 


SOLUTION  OF  PROBLEMS  IN  PRACTICAL  GUNNERY. 

Gunnery  is  the  art  of  projecting  balls  and  shells  from  great  guns  and 
mortars ;  of  finding  the  ranges  and  times  of  flight  of  shot  and  shells ; 
and  of  determining  the  different  degrees  of  elevation  at  which  those 
bodies  should  be  projected,  so  as  to  produce  the  greatest  poasibie  eiSeet 


PbobIbm  I. 
Given  the  Diameter  cf  am  from  Ball;  to  find  Us  Weight. 

m 

Rule. 

Hie  diameter  of  an  iron  baU  of  9  lbs.  weight  is  4  incfb^s^  very  ueariy ; 
and,  since  the  weights  of  spherical  bodies,  composed  of  the  same  ma- 
terials, are  as  the  cubes  of  their  diameters  (Euclid,  Book  XH.,  Pn^. 
18),  it  will  be, — as  the  cube  of  4,  is  to  9  lbs. ;  so  is  the  cube  of  the 
diameter  of  any  other  iron  ball,  to  its  weight.  Hence  the  following 
rule: — 

To  thrice  the  logarithm  of  the  diameter  of  the  given  ball,  add  the 
constant  logarithm  9. 148063 ;  and  the  sum  (abating  10  in  the  index) 
win  be  the  logarithm  of  the  required  weight  in  lbs. 

Example. 
Required  the  weight  of  an  iron  ball,  the  diameter  of  which  is  6.7  in.? 
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Given  dianleter  :ss6.J  '^  thrice  its  log.  =    2. 478225 
Constant  log.  = 9.148063 


Weight  in  pounds  =  42. 295     Log.  =c  .     1 .  626288 

iVb/e.^-The  constant  logarithm  used  in  this  Problem  is  expressed  by 
the  arithmetical  complement  of  the  logarithm  of  the  cube  of  4,  added 
to  the  logarithm  of  9. 


Problem  II. 
Given  the  Weight  of  an  Iron  Ball ;  to  find  its  Diameter^ 

RULB. 

This  Problem  being  the  converse  of  the  last,  we  obtain  the  following 
logarithmical  expression  : — 

To  the  logarithm  of  the  weight  of  the  given  ball,  add  the  constant 
logarithm  0. 851937;  divide  the  sum  by  3,  and  the  quotient  will  be  the 
logarithm  of  the  required  diameter. 

Note. — The  constant  logarithm  given  in  this  Rule  is  expressed  by  the 
arithmetical  complement  of  the  logarithm  of  9,  added  to  the  logarithm 
of  the  cube  of  4. 

Example. 

Required  the  diameter  of  a  42  lb.  iron  ball  ? 

Given  weight  =  42  lb.     Log.  =  .     .     .     1.623249 
Constant  log.  = 0.851937 


Divide  by  3)  2. 475186 


Diameter  in  inches  =  6. 685     Log.  ==       0. 825062 


'     Problem  III. 
Given  the  Diameter  of  a  Leaden  E all ;  to  find  its  Weight. 

Rule. 

A  leaden  ball  of  1  inch  in  diameter,  weighs  ^^  of  a  lb. ;  which,  re- 
duced to  a  decimal  fraction,  is  •  2143,  very  nearly  i  and,  as  the  weights 

T  T 
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of  spherical  bodies  are  as  the  cabea  of  tbeir  diaoietersy  it  will  be,— « 
tbe  cube  of  1|  is  to  .  2143 ;  so  is  tbe  cube  of  the  cBanieter  of  any  other 
leaden  ball^  to  its  weight  in  lbs.  Whence  the  following  logarithmicd 
rule : — 

To  thrice  the  logarithm  of  the  diameter  of  the  given  leaden  ball,  add 
the  constant  logarithm  9.33IQ22;  and  the  sum  (abating  10  in  the 
index)  will  be  the  logarithm  of  the  required  Weight. 

Required  the  weight  of  a  leaden  ball,  the  diameter  of  which  is  6.6B 
inches  ? 

Given  diameter  s  6. 68 ;  thrice  iU  log.  =  2. 474331 
Constant  log.  = 9.331022 


Weight  in  pounds  =:  63. 88    Log.=    .     1.805353 

Note. — The  constant  logarithm  used  in  this  Problem  is  the  logaritfai 
of  the  decimal  fraction  .2143. 


Problem  IV. 
Owen  the  Weight  of  a  Leadem  BaU;  to  find  ii9  Diameter. 

Rule. 

Since  this  Problem  is  merely  the  converse  of  the  last,  we  obtain  tbe 
following  logarithmical  expression  ;  viz.,  to  the  logarithm  of  the  weight 
of  the  given  leaden  ball,  add  the  constant  logarithm  0. 666978 ;  dinde 
the  sum  by  3,  and  the  quotient  will  be  the  logarithm  of  the  required 
diameter. 

Example, 

Required  the  diameter  of  a  64  lb.  leaden  ball  ? 

Given  weight  =  64  lb.    .     .     .     Log.  =  1.806180 
Constant  log.  s 0. 668978 


Divide  by  3)  2. 475158 


Diameter  in  inches  =  6. 68    Log.  =    .    0. 825052| 

Note. — The  constant  logarithm  made  use  of  in  this  Rule  is  the 
arithmetical  complement  of  the  constant  eapreerion  which  is  used  in 
the  Rule  to  Problem  III. 


« 
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Problem  V. 


(riven  the  Internal  and  External  Diameters  of  an  Iron  Shell ;  to  flnd 

its  Weight. 

RULB. 

Find  the  difference  of  the  cubes  of  the  internal  and  external  dia- 
meters of  the  shell,  to  the  logarithm  of  which  add  the  constant  logarithm 
9. 148063 ;  and  the  sum  (abating  )0  in  the  index)  will  be  the  logarithm 
of  the  required  weight  in  pound3. 

Note, — ^The  constant  logarithm  used  in  this  Rule  is  the  same  as  that 
given  in  Problem  I.^  page  640. 

Example. 

Let  the  external  diameter  of  an  iron  shell  be  12.  8  inches^  and  its 
internal  diameter  9. 1  inches ;  required  its  weight  ? 

12. 8  X 12. 8  X  12. 8=2097. 152,  cube  of  the  external  diameter. 
9. 1  X  9. 1  X   9. 1=  753. 571;  cube  of  the  internal  diameter. 

Difference  =    •    .     1343. 581        Log.  = 3. 128264 

Constant  log.  «= 9.148063 

Weight  in  pounds  »    188. 94         Log. » .2. 276327 


/ 


Problem  VL 

To  find  how  much  Powder  wUlfill  a  Shell. 

Rule. 

To  thrice  the  logarithm  of  the  internal  diameter  of  the  shelly  in 
inches,  add  the  constant  logarithm  8. 241845 ;  and  the  sum  (abating 
10  in  the  index)  will  be  the  logarithm  of  the  pounds  of  powder. 

Example. 

How  much  powder  will  fill  a  shell,  the  internal  diameter  of  which 
is  9. 1  inches  ? 

Internal  diameter,  9. 1  inches  ;  thrice  its  log.  =    .     .     .     .     2.877123 
Constant  log.  = 8.241845 

Powder^  in  pounds  =  13. 15         Log.  ==> !•  118968 

tt2 
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Note. — ^The  constant  logarithm  made  use  of  in  this  Problem  ia  the 
arithmetical  complement  of  the  logarithm  of  57*  3^  the  established  £- 

visor  for  filling  shells. 


Problem  VII. 

* 

To  find  the  Size  of  a  SheU  to  contain  a  given  Weight  of  Powder. 

Rule. 

This  Problem  being  the  converse  of  the  last,  we  obtain  the  following 
logarithmical  expression : — 

To  the  logarithm  of  the  given  weight  of  powder,  in  pounds,  add  the 
constant  logarithm  1.758155  ;  divide  the  sum  by  3,  and  the  quotient 
will  be  the  logarithm  of  the  internal  diameter  of  the  shell,  in  inches. 

Example. 

Required  the  internal  diameter  of  a  shell  that  will  hold  13. 15  lbs. 
of  powder? 

Given  weight  =  13. 15  lbs.        Log.  =    •    •     1. 118926 
Constant  log.  =r '   .     .     .     .     1.758155 

Divide  by  3 )  2. 877081 

Internal  diameter,  in  inches  =  9. 1      Ix^.  =  0.959027 

Problem  VIII. 
To  find  how  much  Powder  will  fill  a  Rectangular  Box. 

Rule. 

To  the  logarithms  of  the  length,  breadth,  and  depth  of  the  box,  in 
inches,  add  the  constant  logarithm  8. 522879;  and  the  sum  (abating  10 
in  the  index)  will  be  the  logarithm  of  the  pounds  of  powder. 

Examj)le. 

How  much  powder  will  fill  a  box,  the  length  of  which  is  15,  the 
breadth  12,  and  the  depth  10  iuches  ? 

Length  =  15  iuches.  Log.  =  ....  1. 17^091 
Breadth  =  12  do.  Log.  =  .  .  .  .  1 .  0791 81 
Depth  =  iO  do.  Log.  =  .  .  .  .  1.000000 
Constant  log.  =       . 8. 522879 

Powder,  in  pounds  =t=  60. 0         liOg.  =       .     1 .  778161 


i 
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Note* — ^The  constant  logarithm  made  use  of  in  this  Problem  is  the 
arithmetical  complement  of  the  logarithm  of  30^  the  established  di« 
visor  for  filling  rectangular  powder  boxes. 


Problem  IX. 
To  fiiid  the  Size  of  a  Cubical  Box  to  Qontain  a  given  fVeight  of  Powder. 

RULB. 

To  the  logarithm  of  the  given  weight  of  powder,  in  pounds^  add  the 
constant  logarithm  1 .  477121 ;  divide  the  sum  by  3,  and  the  quotient 
will  be  the  logarithm  of  the  side  of  the  box^  in  inches. 

Example, 

Required  the  side  of  a  cubical  box  that  will  hold  60  lbs.  of  gun- 
powder ? 

Given  weight  =  60  lbs.        Log.  =     .    .    .     1.778151 
Constant  log.  =       1.477121 


Divide  by  3)  3. 255272 


Side  of  the  box,  in  inches,  12. 16        Log.  =  1. 0850901 

JVo/^.— Since  this  Problem  is  the  converse  of  the  last,  the  constant 
logarithm  made  use  of  is  the  logarithm  of  30,  the  established  divisor 
and  multiplier  for  filling  rectangular  boxes. 


Problem  X. 
To  find  how  much  Powder  will  fill  a  Cylinder. 

Rule. 

To  twice  the  logarithm  of  the  diameter  of  the  cylinder,  add  the 
logarithm  of  its  length  and  the  constant  logarithm  8.  417937;  the  sum 
f  abating  10  in  the  index)  will  be  the  logarithm  of  the  pounds  of  powder. 

Example. 

How  much  powder  will  a  cylinder  hold,  the  diameter  of  which  is  13 
inches,  and  the  length  26  inches  ? 
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Diameter  of  the  cylinders  IS  inches ;  twice  its  k^ 

Length  of  ditto »    .     .    96ditto.        Log.-      .1.414978 

Constant  log.  = a  417987 


Powder,  in  poonda  =         115.02         Log.=      .2.060796 

Note, — ^The  constant  logarithm  made  use  of  in  this  Problem  is  the 
arithmetical  complement  of  the  logarithm  of  38. 2,  the  established  di- 
visor for  filling  cylinders  with  gunpowder. 


Problbm  XI. 

To  find  what  Leifgth  of  •  Cylinder  wUl  be  fiUed  wiik  m  gwem  Wei§kt 

of  Gunpowder. 

Rule. 

To  the  arithmetical  complement  of  twice  the  logarithm  of  the  di- 
ameter 6i  the  c}'linder,  or  caliber  of  the  gun^  add  the  logarithm  of  the 
given  weight  of  powder  in  pounds,  and  the  constant  logarithm 
1.  o82U63  :  the  sum  (abating  10  in  the  index)  will  be  the  logarithm  of 
the  length  of  the  cylinder,  in  inches. 

Example. 

What  length  of  a  24-pounder  gun,  of  5. 66  inches  caliber,  will  be 
filled  with  8  lbs.  of  gunpowder  ? 

Caliber  of  the  gun  =  5. 66        Aa  cooip.  of  twice  its  log.=^8. 4M3iiA 

Given  weight  of  powder=8  lbs.  Log.  =x Q.9090M 

Constant  log.  = 1 


::V^LtX 


n^m 


Length,  in  inches  =  9. 539        Log.  = 0. 979521 

Note. — ^Tliis  Problem  being  the  converse  of  the  last,  the  constant 
logarithm  is  the  logarithm  of  36.2,  the  established  ^visor  and  multi- 
plier for  filling  cylinders  with  gunpowder. 


Paobjlem  XU. 
To  find  the  Number  of  Balls  in  a  Triangular  Pile. 

Rule. 

To  the  logarithm  of  the  number  of  balls  in  the  bo(Mn  ram,  mM  Ac 
logarithm  of  that  nvwber  increased  by  i,  ttvA  ftteo  ft«  legsfUMf^  1^ 
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creased  by  2,  and  the  constant  logarithm  9.221849:  the  sum  (rejecting 
10  in  the  index)  will  be  the  logarithm  of  the  required  number  of  balls. 

Example. 

Required  the  number  of  balls  in  a  triangular  pile^  each  side  of  its 
base  containing  30  balls  ? 

3aU«  in  one  side  of  thiS  base=30  hog.  =^  1.  A77^2\ 
Ditto,  increased  by  1  =  .  31  Log.  =  1.491369 
Ditto,  increased  by  2  =  .32  Log,  =:  1 .  505150 
Constant  log.  =s 9.221849 


Number  of  balls  =      .     .      4960        Log.  =  3. 695482 

Note. — ^The  constant  logarithm  emplpyed  in  this  Problem  Is  the 
arithmetical  complement  of  the  logarithm  of  6,  the  established  divisor 
for  triangular,  square,  and  rectangular  piles  of  shot. 


Probli$m  XIIL 
To  find  the  Number  of  Balls  in  a  Sgtuire  Pile. 

Tq  the  logajrithui  of  the  number  of  balls  in  one  side  of  the  boMxHn 
row,  add  the  logarithm  of  that  nuyiber  increased  by  I,  the  logiurithpi 
of  twice  the  same  number  increased  by  1,  and  the  constant  logarithm 
9.221849 :  the  sum  (abating  10  in  the  index)  will  be  the  logarithm  of 
the  required  number  of  balls. 

Example. 
Required  the  number  of  balls  in  9  square  pile,  each  side  of  its  base 
contmning  30  balls  ? 

Balls  in  one  side  of  the  ba&e  =  30  Log.  «  1. 477131 
Ditto,  increased  by  1  >=  .31  Log.  =  1. 491363 
Tviee  ditto,  iocreafied  by  1  =  61  Log.  ss  L  785330 
Constant  log.  =       9.22184d 


.p"^i»».^"^ 


Number  of  balls  »  .     .     .    9456        Log.  =  3. 975662 

Note. — ^The  constant  logarithm  used  {n  this  Rule,  is  the  same  as  that 
giren  in  the  Rule  to  Problem  ^IL 
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Problem  XIV. 
To  find  the  Number  of  Balls  in  a  Rectangular  Pile. 

Rule. 

From  three  times  the  number  of  balls  contiuned  in  the  length  of  the 
bottom  row,  subtract  the  number  of  balls,  less  by  1,  contained  in  the 
breadth  of  that  row ;  then,  to  the  logarithm  of  the  remainder,  add  the 
logarithm  of  the  number  of  balls  contained  in  the  breadth  of  the  bot* 
tom  row,  the  logarithm  of  that  number  increased  by  1,  and  the  constant 
logarithm  9. 221849  :  the  sum  (rejecting  10  in  the  index)  will  be  the 
logarithm  of  the  required  number  of  balls. 

Example, 
Required  the  number  of  balls  in  a  rectangular  pile,  which  contains 
46  balls  in  the  base  row  of  itd  longest  side,  and  15  balls  in  that  of  its 
shortest  side  ? 

Balls  in  length    46  x  3 = 138 
Balls  in  breadth  .15-1=   14 


Remainder  =  .  ,  .  124  Log,  =  2. 093422 
Balls  in  breadth  row  =  15  Log.  =  1. 1/6091 
Ditto,  increased  by  1  =  16  Log.  =  1. 204120 
Constant  log.  = 9. 221849 

Number  of  balls  =     .    4960         Log.  =  3. 695482 

iVb/^.— The  constant  logarithm  made  use  of  in  this  Rule  is  the  same 
as  that  which  is  given  in  the  Rule  to  Problem  XII. 


Problem  XV. 
To  find  the  Number  of  Balls  in  an  incomplete  Triangular  Pile. 

Rule. 
Find  the  number  of  balls  in  the  whole  pile,  considered  as  complete, 
by  Problem  XII.,  page  646;  and  find  also,  by  the  same  Problem,  the 
number  of  balls  answering  to  the  triangular  pile,  the  side  of  whose 
base  is  represented  by  the  number  of  shot  in  the  side  of  the  top  course 
of  \hp  incomplete  pile  diminished  by  1 ;  then,  the  difference  of  the  two 
resiUts  will  be  the  number  of  shot  remaining  in  the  pile. 

Example. 

Required  the  number  of  shot  in  an  incomplete  triangular  pile ;  each 
side  of  its  bottom  course  containing  40  balls,  and  each  side  of  its  top 
course  containing  20  balls  ? 
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To  find  the  Number  of  Balls  in  the  complete  Pile. 

Balls  in  one  side  of  bottom  course  =  40  Log.  =  1 .  602060 
Ditto^  increased  by  1  =  ...  41  Log.  ^  1.612/84 
Ditto,  increased  by  2  =  ...  42  Log.  =  1 .  6^249 
Constant  log.  = 9.221849 

Number  of  balls  for  the  whole  pile= 11480  Log.  =  4.059942 

To  find  the  Number  of  Balls  deficient. 

Balk  in  each  side  of  top  course  =  20—1  =  19    Log.= 1. 2/8754 
Diminished  course,  or  19,  increased  by  1  =  20    Log.=:  1.301030 

Ditto,  increased  by  2  =       22    Log.=  1.322219 

Constant  log.  = 9.221849 

Number  of  shot  wanting  =     ....     1330    Log.=3.  123852 

Now,  11480—1330=10150  is  the  number  of  shot  in  the  incomplete 
pile. 


Problem  XVI. 
To  find  the  Number  of  Baits  in  an  incomplete  Square  Pile. 

m 

Rule. 

Find  the  nmnber  of  balls  in  the  whole  pile,  considered  as  complete, 
by  Problem  XIII.,  page  647 ;  and  find  also,  by  the  same  Problem,  the 
number  of  balls  answering  to  the  square  pile,  each  side  of  whose  base 
is  represented  by  the  number  of  shot  in  each  side  of  the  top  course  of 
the  incomplete  pile  diminished  by  1 ;  then,  the  difference  of  the  two 
results  will  be  the  number  of  shot  remaining  in  the  pile. 

"  Example. 

Required  the  number  of  shot  in  an  incomplete  square  pile  y  each  side 
of  its  bottom  course  containing  24  balls,  and  each  side  of  its  top  course 
8  balls  ?  ^ 

To  find  the  Number  of  Balls  in  the  complete  Pile. 

Balls  in  one  side  of  the  base  =  .  24  Log.  =  1. 38021 1 
Ditto,  increased  by  1  =  ...  25  Log.  =  1 .  397940 
Twice  ditto,  increased  by  1  =  .49  Log.  =  1. 690196 
Constant  log.  = 9.221849 


Number  of  balls  for  the  whole  pile= 4900    Log.  =  3. 690196 


8B0 
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To  find  the  Number  of  Balls  deficient, 

# 

Balls  in  each  side  of  top  cour8e=8— 1  =7  l«og.=0. 845098 
Diminishedjcourse,  or  7,  increased  by  1  =8  Log.=0. 903090 
Twice  ditto,  increased  by  1  =  •  ..  15  Log.=  l.  176091 
Constant  log.  =     . 9.221849 


Number  of  balls  wanting  =    .     .     .     .140        Log. =2.  146128 

No\t^,  4900  —  140  =±=  4760  is  the  number  of  shot  in  the  incomplete 
pile. 


Problem  XVII. 

To  find  the  Number  of  Balls  in  an  incomplete  Rectangular  Pile. 

Rule. 

Find  the  number  of  balLi  in  the  whole  pile,  considered  as  complete, 
by  Problem  XIV.,  page  648 ;  and  find  also,  by  the  same  Problem,  the 
number  of  balls  answering  to  the  rectangular  pile,  whose  sides  are  re- 
presented by  the  respective  sides  of  the  top  course  of  tlie  incomplete 
pile,  the  number  of  shot  in  each  side  being  diminished  by  1  ;  then,  the 
difference  of  the  two  results  will  be  the  number  of  shot  remaining  in 
the  pile. 

Example* 

Required  the  number  of  shot  in  an  incomplete  rectangulHr  ptle ;  the 
length  of  its  bottom  course  being  40  balls,  its  breadth  20,  and  tht 
length  of  its  top  course  29  balls,  and  its  breadth  9  ? 

To  find  the  Number  of  Balls  in  the  complete  Pile. 

Bottom  course,  40  x  3  =  120 
Breadth,  20  -  1   =     19 


Remainder  =  ....  101  Log.=2. 004321 
Balls  in  breadth  row  =  .  20  Log. = 1 .  901030 
Ditto,  increased  by  1  =  .  21  Log.=L  322219 
Constant  log.  = 9*221849 


Numb,  of  balls  for  whole  pile=:7070  Log.^S.  8419419 
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To  find  the  Number  of  Balls  deficient. 

Top  row,  29-1  =38x8  =  84 
Breadth,    9-1=    8-1=    7 

Remwftder= 77      Log-= 1-886491 

Balls  in  breadth  row  =       .       8      Log. =0.903090 
Ditto,  increased  by  1  =     .      9      Log.  =0.954243   ^ 
Constant  log.  = 9.221849 

^  Number  of  balls  wanting  =  924      Log.  =2. 965673 

Now,  7070  —  924  =•  6146  is  the  number  of  shot  in  the  incomplete 
pile. 

Note.--  In  triangular  and  square  piles,  the  number  of  horizontal  rows 
or  courses  is  always  «qual  to  the  number  of  balls  in  one  side  of  the 
bottom  row ;  and,  in  rectangular  piles,  the  number  of  horizontal  rows 
is  equal  to  the  number  of  balls  in  the  breadth  of  the  bottom  row^  In 
these  piles,  the  number  of  balls  in  the  top  row  or  edge  is  always  one 
more  than  the  dlfiEerence  between  the  number  of  balls  contained  in  the 
length  and  the  breadth  of  the  bottom  row. 


PftOBLBM    XVIII. 

To  find  the  Velocity  qf  any  Shoi  or  Shelf. 

RuL^. 

From  the  logparithm  of  twice  the  weight  of  ibe  cbfti  g<:;  <h  powder.  In 
pottndfi,  ^btmcC  the  logarithm  of  the  weight  of  the  shot :  to  half  the 
remainder  add  the  constant  logarithm  3.304130,  aiid  the  stun  (rejeetinf 
5  iu  the  index)  will  be  the  logarithm  of  the  relocity  in  feet,  or  the 
nuiBber  of  feel  wbidi  the  shot  or  shell  passes  over  io  a  tecood* 

Example  1. 

With  what  velocity  will  a  24-pouxuls  ball  be  projected  by  8  lbs.  of 
powder  ? 

Twice  the  charge  =     16  lbs.        Log.  =  1. 204120 
Weight  of  the  shot  =  24  lbs.        Log.  =  1. 38021 1 

B£mainder= .         .    9.823909 


Half  the  remainder  :^ 4. 91 1954^ 

Constant  log.  =    ....  .    3.204120 

yebelt7<»rsbot,kift.,=I90$        Lo^.  «  8, 116074| 
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Example  2. 

With  what  velocity  will  a  13-inch  shelly  weighing  196  Ibs.^  be  dis- 
charged by  9  lbs.  of  powder  ? 

Twice  the  charge  =     18  lbs.        Log.  =  1.255273 
Weight  of  tbe  shells  196  lbs.        Log.  =  2. 29225$ 

Remainder  = 8.963017 

Half  the  remainder  s 4.481508^ 

Constant  log.  = 3.204120    < 

Velocity  of  shell  in  feet,  485         Log.  =  2. 685628) 

Note. — ^The  constant  logarithm  made  use  of  ill  this  Problem  is  the 
logarithm  of  1600  feet,  which  is  the  velocity  acquired  by  a  1  lb.  ball, 
when  fired  with  8  ounces  of  powder. 


Problem  XIX. 

To  find  the  terminal  Velocity  of  a  Shot  or  Shell;  that  is,  the  greatest 
Velocity  it  can  acquire  in  descending  throttgh  the  Air  by  its  otim 
Weight. 

Rule. 

For  Balls. — ^To  half  the  logarithm  of  the  diameter  of  the  ball,  in 
inches,  add  the  constant  logarithm  2. 2442/7 ;  and  the  sum  will  be  the 
logarithm  of  the  terminal  velocity  of  the  ball. 

And,  for  Shells.^^To  half  the  logarithm  of  the  external  diameter  of 
the  shell,  in  inches,  add  the  constant  logarithm  2. 168203 ;  and  tbe 
,  sum  will  be  the  logarithm  of  the  terminal  velocity  of  the  shell. 

Example  I. 

Required  the  terminal  velocity  of  a  24  lbs.  ball,  its  diameter  being 
5. 6  inches  ? 

Diameter  of  the  ball  =.5.6  Log.  =     0. 748188 


Half  the  log,  = 0.374094 

Constant  log.  = 2.244277 


Termmal  velocity  =  .     .    415  Log.  =    2.618371 
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Example  2. 

Required  the  terminal  velocity  of  a  shell  weighing  196  Ibs.^  its  ex- 
ternal diameter  being  12. 8  inches  ? 

Diameter  of  the  shell  =     12<  8  L(^.  =     1 .  107210 


Half  the  log.  = 0.553605 

Constant  log.  s: 2.168203 


Terminal  velocity  s    .    .    527  Log.  s    2.721808 

Note. — The  constant  logarithms  made  use  of  in  this  Problem  are  the 
respective  logarithms  of  175. 5  and  147.3^  the  established  multipliers 
for  shot  and  shells.  *It  is  by  this  Problem  that  the  terminal  velocities 
contained  in  Tables  A  and  B^  following,  have  been  computed. 


Problem  XX. 

To  find  the  Height  from  which  a  Body  must  /ally  in  vacuo,  in  order  to 

acquire  a  given  Velocity. 

Rule. 

Since  the  spaces  descended  by  falling  bodies  are  as  the  squares  of 
the  velocities,  and  as  a  fall  of  16^  feet  produces  a  velocity  of  32^  feet, 
—therefore,  as  the  square  of  132^  feet,  is  to  l&iV  f^t ;  so  is  the  square 
of  any  other  given  velocity,  to  the  altitude  from  which  it  must  fall,  to 
acquire  such  velocity.  Hence  the  following  logarithmical  expres- 
sion : — 

To  twice  the  logarithm  of  the  given  velocity,  in  feet,  add  the  con- 
stant logarithm  8.  191564 ;  and  the  sum  (abating  10  in  the  index) 
will  be  the  logarithm  of  the  required  altitude,  or  height. 

Example  1. 

From  what  height  must  a  body  fall,  in  order  to  acquire  a  velocity  of 
1340  feet  per  second  ? 

Given  velocity  =   1340;  twice  its  log.=  G.  254210 
Constant  log.  = 8.191664 

Aiatode,  or  height  s    27911    Lo^«a    4.445774 


r 


wiax  bricfci  BBit  a  bodr  611,  in  order  to  acquire  a  vdocity  rf 


TAadty^  I6pj;  tviee iti lo^. :=  6.445434 
loc.^ &  191564 


or 


Lof.a     4.636996 

coutiBt  log.  ii  expressed  br  the  stun  of  the  arithmetical  com* 
the  Io$.  of  32i  and  the  log.  of  16,V- 


XUt.—lt  is  hr  this  Problem  that  the  ahitiides  in  Tables  A  and  B, 
folknring,  haTe  been  compotrd  ;  hot,  since  the  fractional  parts  bejrond 
16  and  32  were  omitted,  and  the  coostant  logarithm,  in  consequence 
therral^  aaramed  at  8. 199830,  the  respectire  altitudes,  in  these  Tables, 
are  something  bejnood  the  truth. 


CONXISE  TABLES 

GaXATCST  aOKIXOXTAL  BAXGB  Or  A  SHOT  Ot  SHELL  WHIM 

a  TUB  Alt  wr»  A  orrsic  txlocitt; 

ILSTATIOJI   or   THB   PIICB  TO   PBODUCB   THAT   BANGS. 


FOB 
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Table  A.— fbr  Great  Gmu. 


1  Wd^af 
Shoe 

;      inches! 

1 

,    Tcrwaal 
1    Tdodtf. 

u,,^ 

j^f^f^A^ 

LogsiitluB. 

l.M 

S44 

7.612610 

930 

2.968483 

2.45 

275 

7.560667 

1182 

3.07S618 

S.8S 

294 

7.531653 

1360 

3.133539 

3.08 

308 

7.511449 

1482 

3.170848 

3.S3 

33S 

7.4S14S6 

1701 

3.230704 

9 

4.04 

353 

7.452225 

1958 

3.291813 

12 

4.45 

370 

7.431798 

2139 

3.330211 

18 

5.09 

396 

7.402365 

2450 

3.389166 

24 

5.60 

415 

7.381952 

2691 

3.429914 

32 

6.17 

436      • 

7.360514 

2970 

3.472756 

36 

6.41 

444 

7.352617 

3080 

3.488551 

1          ''           i 

6.75 

456 

7.341035 

3249 

3.511750 

Table  B. — For  Mortars. 


Size  of  SbeU, 
in  inches. 

Weight  oT 
Shells  fiUed. 

Diameter^  in 
inches. 

Terminal 
Velocity. 

Logarithm. 

AUitude. 

Logarithm. 

4| 

5i 

8 
10 
13 

9 

18 
47 

9H 
201 

4.53 
5.72 
7.90 
9.84 
12: 80 

314 
352 
414 
462 
527 

7.503070 
7.453457 
7.383000 
7.335358 
7.278189 

1541 
1936 
2678 
3335 
4340 

3. 187803 
3.286905 
3.427811 
3.523096 
3.637490 
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Table  C. — For  Great  Ount  and  Morian. 


iDitud  Velocity, 
divided  by 

Logarithm. 

Elevation. 

Range  divided  by 
Altitude. 

Logarithm. 

TerminalVelodty. 

0.6910 

9.839478 

44®  0' 

0.3914 

9.592621 

0.9415 

9.975202 

43.15 

0.5850 

9.767156 

1 . 1980 

0. 078457 

42.30 

0. 7787 

9. 891370 

1.4515 

0.161817 

41.45 

0.9724 

9.987845 

1.7050 

0.231724 

41.   0 

1.1661 

0.066736 

1.9585 

0.291924 

40.15 

1.3598 

0.133475 

2.21S0 

0.344785 

39.30 

1.5535 

0.191311 

2. 4655 

0.391905 

38.45 

1.7472 

0.242343 

8.7190 

0.434409 

38.   0 

1.9409 

0.288003 

2.9725 

0.473122 

37.15 

2.1346 

0.329317 

3.2260 

0.508664 

36.30 

2. 3283 

0. 367039 

3.4795 

0.541517 

35.45 

2. 5220 

0.401745 

3.7310 

0. 572058 

35.  0 

2. 7157 

0.433882 

.  3.9865 

0. 600592 

34.15 

2.9094 

0.463803 

4.2400 

0.627366 

33.30 

3.1031 

0.491796 

4.4935 

0.652585 

32.45 

3.2968 

0.518093 

4 . 7470 

0.676419 

32.  0 

3. 4905 

0.542888 

5.0000 

,  0.698970 

31.15 

#    . 

3.6842 

0.566343 

iVb/tf.— These  Tables  are  deduced  from  those  given  iii  the  third 
volume  of  Dr*  Hutton's  '^  Course  of  Mathematics.*' 


Problem  XXI. 

7b  find  the  greatM  Range  of  a  Ball  or  Shell,  and  the  Elevation  of  the 

Piece  to  produce  that  Range* 

Rule. 

£nter  Table  A  or  B,  and  take  out  the  logarithm  of  the  terminal 
velocity  answering  to  the  given  ball  or  shelly  as  the  case  may  be,  and 
also  the  logarithm  of  the  corresponding  altitude ;  then, 

To  the  logarithm  of  the  velocity  with  whioh  the  ball  or  shell  is  pro- 
jected, add  the  logarithm  of  its  terminal  velocity ;  and  the  sum  (abat- 
ing 10  in  the  index)  will  be  the  logarithm  of  the  quotient  of  the  initial 
velocity  of  the  ball  or  shell,  divided  by  its  terminal  velocity.  With 
this  logarithm^  enter  the  second  column  of  Table  C,  and  in  the  adjoin- 
ing or  middle  column  will  be  found  the  corresponding  degree  of  ele- 
vation to  produce  the  greatest  range ;  abreast  of  which,  in  the  last 
column  of  the  same  table,  will  be  found  the  logarithm  of  the  range 
divided  by  the  altitude.  Now,  to  this  logarithm  add  the  logarithm  of 
the  altitude  taken  from  Table  A  or  B,  as  above  directed ;  and  the  sum 
will  be  die  l(^^thm  of  the  greatest  range. 
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Sole. — If  grtmi  accwraey  be  required^  pn^rtaonal  parts  must  be 
taken  for  the  excess  of  the  giren  dxnre  the  next  less  tabular  numben 
inTUdeC. 

Exmmple  1. 

Let  it  be  required  to  find  the  greatest  range  of  a  24  lbs.  ball,  when 
dischaigcd  with  a  reiority  of  1610  feet,  and  the  elevation  of  the  piece 
to  ptodnoe  that  range  ? 

Log.  of  terminal  velocity  of  a  2i  lbs.  ball.  Table  A  =    .     .     7.381K3 
Given  vriocity  of  the  ball  :=  1640        Log.  =  3.214844 

Answering  to  which,  in  Table  C,  is  34?  15'  =  •    .     Log.  =  0. 596/96 

Log.  of  corresponding  altitude.  Table  As        «    ....     3. 429914 
Abreast  of  34?  15 :,  in  bst  column  of  Table  C,  stands     .     .     0. 463803 

Greatest  range,  in  feet  =  7829  *   .     .     .     •     .    .     Log.  =3  3. 8B3717 

Hence  the  greatest  range  of  a  24  lbs.  ball,  when  projected  with  a 
velocity  of  1640  feet,  is  7829  feet,  which  is  nearly  an  English  mile  and 
a  half;  and  the  elevation  to  produce  that  range,  is  34?15\ 

Example  2. 

Let  it  be  required  to  find  the  greatest  range  of  a  13-inch  shell,  when 
projected  with  a  velocity  of  2000  feet  per  second,  and  the  elevation  to 
produce  that  range ;  the  diameter  of  the  shell  being  12. 80  inches  ? 

Log.  of  terminal  velocity  of  a  13-inch  shell,  Table  B  =     .     7-  278189 
Given  velocity  of  the  shell  =  2000       ...         .     Log.  =  3. 301030 

Answering  to  which,  in  Table  C,  is  34?49^       .     .     Log.  =  0. 579219 

Log.  of  corresponding  altitude,  Table  B  = 3. 637490 

Corresponding  to  34?49%  in  Table  C,  is 0.441196 

Greatest  range,  in  feet  =  11986 Log.  =  4.078686 

Hence  the  greatest  range  of  a  13-inch  shell,  when  projected  \nih  a 
velocity  of  2000  feet,  is  1 1986  feet,  which  is  2 J  miles  and  106  feet; 
and  the  elevation  to  produce  that  range,  is  34? 49^ 


; 


# 


Note. — In  this  Example,  proportion  is  made  for  the  excess  of  the 
given  above  the  next  less  numbers  in  Table  C. 
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Problem  XXII. 

■ 

Given  the  Range  at  one  Elevation  ;  to  find  the  Range  at  another 

Elevation. 

Rule. 

As  the  logarithmic  sine  of -twice  the  first  elevation^  is  to  the  logarithm 
of  its  corresponding  range ;  so  is  the  logarithmic  sine  of  twice  the  other 
elevation^  to  the  logarithm  of  its  coii*esponding  range. 

Example  1.  ^ 

If  a  13-inch  shell  be  found  to  range  11986  feet^  when  discharged  at 
an  elevation  of  34?49',  how  far  will  it  range  when  the  elevation  is  45 

degrees ;  the  charge  of  powder  being  the  same  at  both  elevations  ? 

» 

As  twice  34? 49 :  =  .  .•  e9?38f  Log.  co-secant  =  10.028036 
Is  to  its  range  =  11986  feet  ...  Log.  =  ...  4. 078674 
So  is  twice  45 ?0:  =      .     .    90?  0!         Log.  sine  =    .     .10.000000 

To  the  required  range,  in  f eet= 1 2785        Log.  =      ...    4. 106710 

Example  2. 

'  If  a  shell  be  found  to  range  4760  feet^  when  discharged  at  an  eleva- 
tion of  45  degrees^  how  far  will  it  range  when  the  elevation  is  30?45^ ; 
the  charge  of  powder  being  the  same  at  both  elevations  ? 

As  twice  45?  =  .  .  .  .  90?  0'  Log.  co-secant  =  10.000000 
Is  to  its  range  =  ...  4760  feet  Log.  =  .  .  .  3. 677607 
So  is  twice  30?45:  =     .     .    61?30:         Log.  sine  =       .    9.943899 

To  the  required  range^  in  feet= 41 83  Log.  s     .     .     .    3.621506 


Problem  XXIII. 

Given  the  Elevation  for  one  Range  ;  to  find  the  Elevation  for  another 

Range* 

Rule. 

As  thie  logarithm  of  the  first  range,  is  to  the  logarithmic  sine  of 
twice  its  corresponding  elevation ;  so  is  the  logarithm  of  any  other 
given  range,  to  the  logarithmic  sine  of  an  arch.  Now>  the  half  of  this 
arch  \^  be  the  elevation  required. 
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Example  1. 

If  a  shell  be  found  to  range  11986  feet  when  projected  at  an  den- 
tion  of  34  M9',  at  what  elevation  must  it  be  discharged  to  strike  an 
object  at  the  distance  of  12765  feet,  with  the  same  charge  of  powder? 

As  the  first  range  =  ....  11986  Log.  ar.  comp.  =  5.921326 
Is  to  twice  34?49^  =  .  .  .  .  e9?38'  Log.  sine  =  .  9.971964 
So  is  the  other  range  =    .     .     .     12785     Log.  =    .     .     .     4- 106710 


To  arch  = 90^0^     Log.  sine  =      .   lO.OOOOOO 


Half  the  arch  = 45?  0',  the  elevation  required. 

Example  2. 

If  a  shell  be  found  to  range  4760  feet  when  discharged  at  an  eleva- 
tion of  45?,  at  whftt  elevation  must  it  be  projected  to  strike  an  object 
at  the  distance  of  4183  feet,  with  the  same  charge  of  powder  ? 

As  the  first  range  =       ...    4760  Log.  ar.  corap.  =6. 322393 

Is  to  twice  45?  =      ....    90?  Log.  sine  =.     lO.OOOOOO 

So  is  the  other  range  =  *   .     .,    4183  Log-  sine  =     .     3.621488 

To  arch  = 61?29:45rLog.  sine  =  .       9.943881 


Half  the  arch  =    .     .     .     .     .    30?  44 ^52^^,  the  elevation  required. 


Problem  XXIV. 
Given  the  Charge  for  one  Range  ;  to  find  the  Charge  for  another  Range. 

Rule. 

Since  the  ranges  at  the  same  elevation  are  nearly  proportional  to 
the  charges,  therefore — As  the  logarithm  of  the  first  range,  is  to  the 
logarithm  of  its  corresponding  charge  ;  so  is  the  logarithm  of  the  other 
range,  to  the  logarithm  of  the  charge  corresponding  thereto. 

Example  1. 

If,  with  a  charge  of  12  lbs.  of  powder,  a  shell  range  5334  feet,  what 
charge  will  be  sufficient  to  throw  it  2667  feet ;  the  elevation  being  45? 
in  both  cases  ? 
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As  the  first  range  =      ....  5334    Log.  ar,  comp.=  6. 272947 

Is  to  its  charge  = 121bs.  Log.  =    .     .     .  L  079181 

So  is  the  other  range  =      .     .     .  2667     Log.  =    .     .     .  3. 426023 


To  the  required  charge^  in  lbs.  =      6.0      Log.  =    .     .     •    0.778151 

Example  2. 

If,  with  a  charge  of  9  Ibs^  of  powder,  a  shell  range  4000  feet,  what 
charge  will  be  sufficient  to  throw  it  3000  feet;  the  elevation  being  45? 
in  both  cases  ? 

As  the  first  range  =     .     .     .     .     4000    Log.  ar.  comp.  =  6. 397940 

Is  to  its  charge  = 9  lbs.   Log.  =     .     •     .    0. 954243 

So  is  the  other  range  =     .     •     .    3000    Log.  =     •     •     •    3.477121 


To  the  required  charge,  in  lbs.  =    6. 75     Log.  =     .     .     .     0. 829304 

Problem  XXV. 
Given  the  Range  for  one  Charge  ;  to  find  the  Range  for  another  Charge. 

Rule. 

As  the  logarithm  of  the  fir^  charge,  is  to  the  logarithm  of  its  cor« 
responding  range ;  so  is  the  logarithm  of  the  other  charge,  to  the 
logarithm  of  its  corresponding  range ;  the  elevation  being  the  same  in 
both  cases. 

Example  1. 

If  a  shell  be  projected  5334  feet  by  a  charge  of  12  lbs.  of  powder,  at 
what  distance  will  it  strike  an  object  when  discharged  with  6  lbs.  of 
powder }  the  elevation  being  the  same  in  both  cases  ? 

As  the  first  charge  =    ....     12  lbs.  Log.  ar.  comp.  =  8. 920819 

4s  to  its  range  = 5334     Log.  =     .     .     .    3. 727053 

So  is  the  other  charge  =        .     .     6  lbs.    Log.  =     .     .     .     0.778151 


To  the  required  range,  in  feet  =     2667    Log.  =     .     .     .    3. 426023 

Example  2. 

If  a  shell  be  projected  4000  feet  by  a  charge  of  9  lbs.  of  powder,  at 
what  distance  will  it  strike  an  object  when  discharged  with  6}  lbs.  of 
powder  5  the  elevation  being  the  same  in  both  cases  ? 

u  u  2 
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As  the  first  charge  =      ....    9  lbs.   Liog.  ar.  comp.  =9. 045757 

Is  to  its  range  = 4000     Log.  =        .     .     3. 602060 

So  is  the  other  charge  =     ...    6. 75    Log-  =        .     •     0. 829304 

To  the  required  range,  in  feet  =        3000    Log.  =        . ,  .  *  3. 477121 


Problem  XXVI. 
Given  the  Range  and  the  Elevation  ;  to  find  the  Impetus. 

Rule. 

As  the  logarithmic  sine  of  twice  the  angle  of  elevation^  is  to  the 
logarithm  of  half  its  corresponding  range ;  so  is  radius,  or  the  logi/^ 
rithmic  sine  of  90%  to  the  impetus. 

Example  I. 

With  what  impetus  must  a  shell  be  discharged  at  an  elevation  of 
S4?49%  to  strike  an  object  at  the  distance  of  2966  feet  ? 

As  twice  34°49r  =  .  .  .  69?38'.  Log.  co-secant  =  10. 028096 
Is  to  half  the  range  ==  •  .  1493  Log.  =  .  .  .  3.174060 
So  is  radius,  or        .     .     .     .    90?  Log.  sine  =    .     •  10. 000000 

To  the  impetus,  m  feet  =      .     1592        Log.  *=      ...     3. 202096 

Example  2. 

With  what  impetus  must  a  shell  be  discharged  at  an  elevation  of 
25?,  to  strike  an  object  at  the  distance  of  2/60  feet  ? 

As  twice  25*?= 50?       Log.  co-secant  =   10.115746 

Is  to  half  the  range  =  .  .  .  1380  Log.  =  ...  3. 139879 
So  is  radius,  or 90?       Log.  sine  =     .     .  10.  OOOOOO 

To  the  impetus,  in  feet  =     .     .     1804    Log.=      .     .     .     3.255625 


Problem  XXVII. 

« 

Given  the  Elevation  and  the  Range  ;  to  find  the  Time  of  the  FliglU. 

Rule. 

As  radius,  is  to  the  logarithmic  tangent  of  the  elevation ;  so  is  the 
logarithm  of  the  tange,  in  feet,  to  a  logarithmic  number;  which,  being 
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divided  by  2,  will  give  the  logarithm  of  4  times  the  number  of  seconds 
taken  up  in  the  flight. 

Example. 
In  what  time  will  a  shell  range  1 1986  feet,  at  an  elevation  of  34?49'  ? 

As  radius  = 90?  0^     Log.  co-secant  =   10.000000 

Is  to  the  elevation  =    .     .     •    34?  49:     Log.  tangent  =    .     9.842266 
So  is  the  range  =    ....     11986      Log.  =s       .     .     .    4.0/8674 


Divide  by  2)  3. 920940 


Four  times  the  flight  =         .    91 .  30      Log.  =       .     .     .     1 .  960470 


Number  of  seconds  =       .    .    22. 825=the  time  of  flight. 

iVb/tf.— From  this  it  is  manifest  that  when  the  elevation  of  the  mor- 
tar is  45  degrees,  half  the  logarithm  of  the  range  will  be  the  logarithm 
of  4  times  the  number  of  seconds  taken  up  in' the  flight  of  the  shell. 


Remark. — ^The  above  Problem  may  be  more  readily  solved  in  the 
following  numn^r,  viz. : — 

To  the  log.  tangent  of  the  elevation,  add  the  log.  of  the  range,  and 
the  constant  logarithm  8.795880  ;*  half  the  sum,  2Q  being  previously 
Tweeted  from  the  index,  will  be  the  log.  of  the  time  of  flight  in  seconds. 

Example, 

In  what  time  will  a  shell  range  3250  feet,  at  an  elevation  of  32 
degrees  ? 

Elevation  of  the  piece  =        ...    32?       Log.  tangent  =  9. 795/89 

Range,  in  feet  = 3250    Logarithm  =:       3.511883 

Constant  logarithm  = .8. 795880 


Divide  by  2)  2. 103552 


Time  of  flight  in  seconds  =     .     .     1 1 .  26    Log.  =      .     .     1 .  05 1 776 


*  This  it  tho  arithmetical  complement  of  /tri'ctf  the  logaritlim  of  4  ;— the  log.  is  douiitd, 
to  that  its  root  may  be  comprehended  in  the  common  extraction,  or  division  of  tho  guui 
of  the  three  terme  bj  2. 
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Problem  XXVIII. 

Given  the  Range  and  the  Elevation  ;  to  find  the  greatest  Altitude  oftkt 

Shell. 

Rule. 

A«  radius^  is  to  the  logaritlimic  tangent  of  the  elevatiou  ;  bo  u  the 
logarithm  of  one-fourth  of  the  range^  to  the  logarithm  of  the  required 
altitude. 

Example  1. 

If  a  shell  range  1 1986  feet,  when  projected  at  an  elevation  of  34? 49'. ; 
required  the  greatest  altitude  which  it  acquires  during  its  flight  ? 

As  radius  =^ 90?  0:     Log.  co-secant  a  10. 000000 

Is  to  the  elevation  =         .     .    34?49'     Log.  Ungent  =       9.8422G6 
So  is  i  of  the  range  =:=      .     .    2296. 5    Log.  ==     .     .     .     3. 470614 


To  the  altitude,  in  feet  =       .    2084        Log.  ==     .     .     .     3.318880 

Example  2. 

If  a  shell  range  4/60  feet,  when  projected  at  an  elevation  of  45? ; 
required  the  greatest  altitude  which  it  acquires  during  its  flight  ? 

As  radius  = 90?  O:     Log.  co-secant  =  10.  OOOOQD 

Is  to  the  elevatiou  =        .     .     45?  0^     Log.  tangent  ==      10.  OOOOOO 
So  is  i  of  the  range  =      .     .     1190        Log.  =     .     .     .       3.076547 


To  the  altitude,  in  feet  =     .     1 190        Log.  =  .     .     ,       3. 075547 

Note. — From  this  it  is  manifest,  that  when  the  elevation  of  the 

mortar  is  45  degrees,  one-fourth  of  the  range  will  be  equal  to  the 
greatest  altitude  at  which  the  shell  can  arrive. 


Problem  XXIX. 

Given  the  Inclination  of  the  Plane,  the  El^ation  of  the  Piece,  and  the 

Impetus  ;  to  find  the  Range. 

Rule. 

* 

To  twice  the  logarithmic  secant  of  the  inclination  of  the  plane,  add 
the  logarithmic  sine  of  the  elevation  of  the  pif  ce  above  ^he  plane,  die 
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logarithmic  co-sine  of  the  elevation  of  the  piece  above  the  horizon^ 
and  the  logarithm  of  4  times  the  impetus  :  the  sum  of  these  four 
logarithms  (rejecting  40  in  the  iixdex)  will  be  the  logarithm  of  the 
required  range. 

Example. 

How  far  will  a  shell  range  on  a  plane  which  ascends  10?  15'^  and  also 
on  another  plane  which  descends  10?  15^ ;  the  impetus  being  2000  feet 
in  both  cases,  and  the  elevation  of  the  mortar  31  ?45'  ? 

Solution.    31?46: -I0?15:=21?30r,  the  elevation  of  the  piece  above 

the  ascending  plane ; 
and,  31?45:  +  10?  15 ^=42?  Or,  the  elevation  of  the  piece  above 

the  descending  plane. 

To  find  the  Range  on  the  ascenduig  Plane. 

Inclination  of  the  plane  =     10?  1 6 :  Twice  the  log.  sec,  =  20.  013974 

Elevation  above  the  plane  =21.  30  Log.  sine  =         .     .     9.  564075 

Elevation  above  the  hQrizon=3 1 .  45  Log.  co-sine  =        .     9.  929599 

Four  times  the  impetus  =     8000  Log.  =      ....     3. 903090 

Range,  in  feet  =     .     .     .    2575        Log.  =      ....    3.410738 

To  find  die  Range  on  the  descending  Plane. 

IncliDaUon  of  the  plane  =      10?  1 5  r  Twice  the  log.  secant =20. 013974  . 

Elevation  above  the  plane=  42.    0  Log.  sine  =     .     •     .     9.825511 

Elevation  abovethe  horizon =3 1.45  Log.  co-sine  =     .     .    9.929599 

Pour  times  the  impetus  =      8000  Log.  = 3. 903090 


M 


Range,  in  feet  =      .     .     .     4701       Log.  = 3.672174 


Problem  XXX. 

Given  the  Inclination  of  the  Plnney  the  Elevation  of  the  Piece,  and  the 

Range  ;  to  find  the  Impetus. 

Rule. 

To  twice  the  logarithmic  co-sine  of  the  inclination  of  the  plane,  add 
the  logarithmic  co-secant  of  the  elevation  of  the  piece  above  the  plane, 
the  logarithmic  secant  of  the  elevation  of  the  piece  above  the  horizon^ 
and  the  logarithm  of  the  one  fourth  of  the  range :  the  sum  of  these 
four  logBrithms  (abating  40  in  the  index)  will  be  the  logarithm  of  the 
impetai. 
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Exan^le. 

With  ^vhat  impetus  must  a  shell  be  discharged  to  strike -an  object  at 
the  distance  of  2575  feet^  on  an  inclined  plane  which  ascends  10?  15', 
and^  also^  another  object  at  the  distance  of  4/01  feet,  on  an  indined 
plane  which  descends  I0?15C ;  the  elevation  of  the  piece  being  3I?45' 
in  both  cases  ? 

Solution.    31?45'-10'?15:=21?30^  is  the  elevation  of  the  piece 

above  the  ascending  plane; 
and,  31?45:+10?15'.=42?  0^  is  the  elevation  of  the  piece 

above  the  descending  plane. 

To  find  the  Impetus  on  the  ascending  Plane. 

Inclination  of  the  plane  =     10?  15 '  Twice  thelog.co*sine=  19. 966026 

Elevation  above  the  plane^=  21 .  30  Log.  co-secant  =    .     10. 435^ 

Elevation  above  the  horizon = 3 1  •  45  Log.  secant  =    •     .     10.  O7O401 

One-fourth  of  the  ranges  643.75  Log.  =:=      ....       2.808717 

Impetus,  in  feet  =     .     .    2000        Log.  =      .     .     .     .       3. 301069 

To  find  the  Impetus  on  the  descending  Plane. 

Inclination  of  the  plane  =     10?  15 '  Twice  the  log.co-8ine=  19. 966026 

Elevation  above  the  plane  =  42.   0  Log.  co- secant  =    •     10. 174489 

Elevation  above  thehorizon  =31 .  45  Log.  secant  =    .     .     10. 070401 

One-fourth  of  the  range= 11 75. 25  Log.=       ....      3.070130 

Impetus,  in  feet  =       .     .    2000      Log.  =      .     .     .     .      3. 301046 


Problem  XXXI. 

Given  the  Weight  of  a  Bally  the  Charge  of  Powder  vnth  which  it  ii 
fired,  and  its  known  Velocity ;  to  find  the  Velocity  of  a  Shell,  when 
projected  with  a  givoi  Charge  of  Powder. 

Rule. 

To  the  arithmetical  complement  of  half  the  logarithm  of  the  weight 
of  the  shell,  add  half  the  logarithm  of  twice  the  weight  of  the  charge, 
in  pounds,  and  the  constant  logarithm  3. 204120  :  the  sum  (abating  10 
in  the  index)  will  be  the  velocity  of  the  shell  answerh)g  to  the  given 
charge. 

Example. 

If  a  ball  of  1  lb.  weight  acquire  a  velocity"  of  1600  feet  per  second, 
when  fired  with  8  ounces  of  powder,  it  is  required  to  find  with  what 


IMPETUS^   VBLOCITY,    AND   CHARGES   OF   POWDER. 


665 


velocities  the  several  kinds  of  shells  will  be  projected  by  the  respective 
charges  of  powder  expressed  against  them  in  the  following  table  ? 


For  the  IS-inch  Shell. 

Weight  of  the  shell  =  ...     196    Ar.comp.of  J  its  log. 
Twice  the  weight  of  the  charge=  18     Half  its  log.  = 
Constant  log.  :i= 


=8.853872 
0. 6276361 
3. 204120 


Velocity,  in  feet  =       ...     485     Log.  =    ....    2. 685628 1 


For  the  1 0-inch  Shell. 

Weight  of  the  shell  =  ...  90  Ar.comp.of  i  its  log.: 
Twice  the  weight  of  the  charge=  8  Half  its  log.  =  .  . 
Constant  log.  = 


=9.022879 
0.451545 
3. 204120 


Velocity,  in  feet  = 477     Log.  = 


2. 678544 


For  the  8-inch  Shell. 

Weight  of  the  shell  =     ...    48    Ar.comp.of  i  its  log.: 
Twice  the  weight  of  the  charges    4     Half  its  log.  =  .     . 
Constant  log.  = 


:9. 159380 
0.301030 
3.204120 


Velocity,  in  feet  =      .     .     .     .  462    Log.  = 


2.664530 


Note. — ^The  same  results  will  be  obtained  by  computing  agreeably  to 
the  rule  in  Problem  XVIIL,  page  651.  For  the  constant  logarithm  see 
the  Note  to  that  Problem. 


Table  D- — Showing  the  Velocities  of  the  different  sized  Shells,  when 

projected  with  given  Charges  of  Powder, 


1 

Size  of  Shell, 
in  inches. 

Weight  of  SheU, 
in  pounds. 

Charge  of 

Powder,'  Logarithm, 
in  lbs. 

Velocity, 
in  feet. 

Logarithm. 

13 

10 

8 

4| 

196 

90 

48 

16 

8 

9      '     0.477121* 
4           0.301030 
2       1     0. 150515 
1       :     0.000000 
0^         0.349485 

■ 

485 

477 
462 
566 
566 

7.314258t 

7.321482 

7.335358 

7.247184 

7.247184 

*  The  nnmben  in  thli  column  are  the  logarithmi  of  the  square  roots  of  the  respective 
charges. 

t  The  nnmbers  in  this  column  are  the  arithmetical  complements  of  the  logarithms  of 
the  respective  velocities. 
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Problem  XXXII. 

Given  the  Elevation  and  the  Range  ;  to  find  the  Impetui,  Velocity ,  and 

Charge  of  Powder. 

Rule. 

Find  the  impetus,  by  Problem  XXVI.,  page  660;  to  the  logarithm  of 
which  add  the  constant  logarithm  1 .  808436  *  :  take  half  the  sum,  and 
it  will  be  the  logarithm  of  the  required  velocity.  Now,  to  the  loga- 
rithm of  the  velocity,  thus  found,  add  the  logarithms  from  Table  D 
answering  to  the  charge  aiid  the  velocity  of  the  given  shell :  the  sum 
of  these  three  logarithms  (abating  10  in  the  index)  being  doubled,  will 
give  the  logarithm  of  the  required  charge  of  powder,  in  pounds. 

Example, 

With  what  impetus,  velocity,  and  charge  of  powder,  must  a  13-incfa 
shell  be  fired  at  an  elevation  of  34? 49 '/to  strike  an  object  at  the  dis- 
tance of  1 1986  feet  ? 

To  find  the  Impetus  and  the  Velocity. 

Twice  the  elevation  =  .     .     .    69?38:     Log.  co-secant  zz  1O.Q38086 
Half  the  range  =     ....      6993      Xog.  =      .     .    .     3.777644 


Impetus,  in  feet  =    .     .     .     .      6392      Log.  =     ...    3. 805660 
Constant  log.  = 1.808436 


Divide  by  2)  5.614116 


Velocity  in  feet  =     ....        642      Log.  =     .  .  .  2.807058 

To  find  the  Charge  of  Powder. 

Velocity,  in  feet  =      ....      642      Log.  ==     .  .  ,  2. 807535 

Log.  of  charge  for  a  13-inch  shell,  from  Table  D  =  .  .  .  0. 477121 

Log.  of  velocity  for  a  13- inch  shell,  from  Table  D  =  .  .  7. 314258 

8um=:     .  .  .  0.598914 


Charge,  in  pounds  =  .     .     .       15.77      Log.  =      .     .     .     1.197828 

Hence  the  impetus  is  6392  feet,  the  velocity  642  feet,  and  the  charge 
of  powder,  15. 77  lbs.,  or  15  lbs.  12^  oz.  nearly. 

*  Thii  it  the  logaritbin  of  16^  ^^^  ^^«  descent  of  a  falling  body  in  the  firtt  tecoiid  d 
time,  iccreated  by  twice  the  Irgaifihm  of  .2. 
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Problem  XXXIII. 

Given  the  Inclination  of  the  Planey  the  Elevation  of  the  Piece,  and  (he 

Range  ;  to  find  the  Charge  of  Powder. 

Rt'LE* 

Find  the  impetus^  by  Problem  XXX.,  page  603 ;  with  which  proceed 
M  directed  in  the  last  Problem. 

Example  1. 

HoW  much  powder  will  throw  a  10-inch  shell  6760  feet,  on  an  in- 
clined plane  which  ascends  7°  30'.  ;  the  elevation  of  the  mortar  being 
33?14^? 

Solution.  33? H:  —  7?30<  =2=25?44'  is  the  elevation  of  the  mortar 
above  the  ascending  plane. 

Inclination  of  the  plane  =       ^?30^  Twice  the  log.co-sine= 19. 91)2538 

Elevation  above  the  plane  =25. 44  Log.  co-secant  =     •     10'.  36232/ 

Elevation  above  the  horiz.  =  33. 14  Log.  secant  =     .     •     10.077^62 

One-fourth  of  the  range  =     1 690  Log.  =       3. 227887 


Impetus^  in  feet  =     .     .     .    4574    Log.  = 3. 660314 

Constant  log.  = 1.808436 


Divide  by  2 )  5. 468750 


Velocity  in  feet  =       ...     542    Log.  =    .....  2.7343/5 

To  find  the  Charge  of  Powder. 

Velocity  = 542  feet    Log.  =     .     .     .  2.733999 

Log.  of  charge  for  10-inch  shell,  from  Table  D  »     .     .     .  0. 301030 

Log.  of  velocity  for  10-inch  shell,  from  Table  D  =  .     .     .  7. 321482 


Sum=     .     .     .    0.356511 


Charge,  in  pounds  s  .    •    •    .    5. 164    Log.  =     .     .    .    0. 713022 
Hence  the  charge  of  powder  is  5. 164  lbs.,  or  5  lbs.  2§  oz. 

Exanyple  2. 

How  much  powder  will  throw  a  10-inch  shell  6760  feet,  on  an  in- 
clined plane  which  d^sc^nds  7*30',  the  elevation  of  the  mortar  being 
33?14C? 


668  PRACTICAL   OUNNBBT. 

Solution.    33e]4r  +  7?30^  =  40?44:  is  the  eleration  of  the  moftv 
above  the  descending  plane. 

Inclination  of  the  plane  =     7  ?30 :  Twice  the  log.  co-sine= 19. 99253B 

Elevation  above  the  plane =40. 44  Log.  co-secaut  s    •     .  10. 18S393 

Elevation  above  the  boriz. =33. 14  Log.  secant  cs    .     .     .  l0.Q77^ 

One-fourth  of  the  range  =     1600  Log.  s= 3.2278S7 


^ISSvl 


Impetus^  in  feet  =s     •     .    •  3044    Log.  =      •     •    •     •    «     3. 
Constant  log.  = •     •     1 .  80B436 


Divide  by  2  )  5. 291816 


Velocity  in  feet  =     ...    442    Log.  =      .....  2. 645908 

To  find  the  Charge  of  Powder. 

Velocity  = 442    Log.= 2.645422 

Log.  of  charge  for  10-inch  shell,  from  Table  D  s:      ...  0. 301030 

Log.  of  velocity  for  10-inch  shell,  from  T|ible  D  =  .     .     .  7. 321482 


Sums     .     .    0.2679S4 


Charge,  in  poimds  =  ,     .    3. 434    Log.  = 0. 535868 

'Hence  the  charge  is  3. 434 lbs.,  of  3  lbs.  7  oz.  nearly. 


Problem  XXXIV. 

■ 

Given  the  Inclination  of  the  Plane,  the  Elevation  of  the  Piece,  and  the 

,  Impetus;  to  find  the  Time  of  Flight. 

Rule. 

To  the  logarithmic  secant  of  the  inclination  of  the  plane  add  the 
logarithmic  sine  of  the  elevation  above  the  plane,  half  the  logarithm  of 
the  impetus  and  the  constant  log.  9. 698970 :  the  sum  (abating  30  in 
the  index)  will  be  the  logarithni  of  the  time  of  flight,  in  seconds. 

'  Example. 

In  what  time  will  a  lO-inch  shell  strike  an  object  on  an  inclined 
plane  which  ascends  7^30  f,  when  discharged  with  an  impetus  of  4574. 
feet,  the  elevation  of  the  mortar  being  33M4' ;  and  in  what  time  will 
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it  strike  another  object  on  a  descending  plane,  with  the  same  impetus 
and  elevation  ? 

Soluibm.    33?14:  -  7?30^  =  25?44:  is  the  elevation  of  the  mortar 

above  the  ascending  plane ; 
and,  33?  14:  +  7'30'  =40?44:  is  the  elevation  of  the  mortar 

above  the  descending  plane. 

To  find  the  Time  of  Flight  on  the  ascending  Plane. 

Inclination  of  the  plane  =      •     .    .    7?30^     Log.  secants  10. 003731 
Elevation  above  the  plane  =       •     .  25. 44      Log.  sine  =     9. 637673 

Impetus  =      . 4574      Half  its  log.=  1.830148 

Constant  logarithm  =       . 9.608970 


Time  of  flighty  in  seconds  =  .     .     14. 81         Log.  =   .     .     1. 170522 

To  find  the  Time  of  Flight  on  the  descending  Plane. 

Inclination  of  the  plane  =  '  .     .     .    7?30:  ^  Log.  secants  10. 003731 
Elevation  above  the  plane  =       ,     .  40. 44      Log.  sine  =      9. 814607 

Jmpetuss 4574       Half  its  log.3=:  1.830148 

Constant  logarithm  = ' 9. 6989/0 


Time  of  flight,  in  seconds  =  .     .    22.256     Log.  =    .     .     1.347456 

JVb/e.— The  constant  logarithm   made  use  of  in  this  Rulejs  the 
arithmetical  complement  of  the  log.  of  2. 


Problem  XXXV. 
Given  the  Impetus  and  the  Elevation;  to  find  the  Horizontal  Range. 

Rule. 

To  the  logarithm  of  the  impetus  add  the  logarithmic  sine  of  twice 
the  angle  of  elevation,  and  the  constant  logarithm  0.301030;  the  sum 
(abating  10  in  the  index)  will  be  the  logarithm  of  the  required  range 
on  the  horizontal  plane. 

Example  1. 

Let  a  shell  be  discharged  with  an  impetus  of  1592  feet^  at  an  eleva- 
tion of  34? 49^ ;  required  its  range  on  the  horizontal  plane  ? 
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Impetus  ^  '  .  .  .  1592  Log.  =  .  3. 201943 
Twice  the  elevatlon=69?38'  Log.  8me=9. 971964 
Conatant  log.  = 0.301030 

Horiz.  range,  in  feets32985      Log.  =s    .  3. 474937 

Example  2. 

Let  a  shell  be  discharged  with  an  impetus  of  1804  feet,  at  an  eleva- 
tion of  25? ;  required  its  range  on  the  horizontal  plane  ? 

Impetus  s  ...  1804  Log.  =  •  S.  256237 
TNviee  the  elevation  =:  50?  Log.  sine=9. 884254 
Constant  log.  = 0. 301030 

Horiz.  range,  in  feet  =  2764    Log.  =    .  3. 44 1 52 1 

Note. — The  constant^  logarithm  used  in  this  Rule  is  the  logarithm 
of  2. 


Problem  XXXVI. 

Given  the  Impetus  and  the  Elevation ;  to  find  the  Time  of  Flight  on 

the  Horizontal  Plane. 

Rule. 

With  tlie  impetus  and  the  elevation  compute  the  horizontal  range, 
by  the  last  Problem  ; .  then,  with  tlie  horizontal  range,  thus  found,  and 
the  elevation  of  the  piece,  compute  the  time  of  flight,  by  Problem 
XXVII.,  page  660.  Or,  the  time  of  flight  may  be  computed  directly, 
by  Problem  XXXIV.,  page  668. 

Example. 

In  what  time  will  a  13-inch  shell  strike  an  object  on  a  horizontal 
plane,  when  discharged  with  an  impetus  of  6392  feet,  the  elevation  of 
the  mortar  being  34?49:  ? 

Impetus  = 6392      Logarithm  =   3.805637 

Twice  the  elevation  =  .  60?38r  Log.  sine  =  9. 971964 
Constant  logarithm  = 0. 301030 

Horizontal  range  in  feet=  1 1965  Log.  =  .  .  4. 078631 
Elevation  of  the  mortar=  34?  49^  Log.  tangent=  9. 842266 
Constant  logarithm  = 8. 795880 

Divide  by  2)2.716777 
Time  of  flight,  in  seconds  =    22. 824      Log.  ^        .     1 .  358388^ 
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To  find  the  Time  of  Flight  by  Problem  XXXI V.,  page  668. 

Inclination  of  the  plane  =      •     .     .     0?  0'  Log.  secant  =0. 000000 
Eleva.  above  the  plane  of  the  horizon =34  ? 49 '  Log.  sine  =-    9. 756600 

Impetus,  in  feet  == 6392     Half  its  log.  =  1.9028 18i 

Constant  logarithm  =5 9. 698970 


Time  of  flight,  in  seconds  =   .     .    22. 824    Log.  =    .     .  1 .  358388f 

Hence  the  time  of  flight  by  both  operations  is  exactly  the  same, 
viz.,  22. 824,  or  23  seconds  nearly. 


Problem  XXXVII. 

Given  the  Inclination  of  the  Plane;  the  Hange^  and  the  Clwrge  of  Pow- 

d&r ;  to  find  the  Elevation  of  the  Mortar, 

As  this  is  one  of  the  most  interesting  Problems  in  the  art  of  Gun- 
nery, I  shall  show  the  construction  of  a  diagram,  which  will  give- the 
most  familiar  view  of  the  principles  upon  which  its  solution  is  founded, 
as  thus  :— 

Draw  the  horizontal  line  AR,  y 
and,  at  right  angles  thereto,  the 
vertical  line  AZ ;  making  this 
equal  to  the  impetus y  previously 
determined  by  calculation,  as 
in  the  first  part  of  the  following 
work. 

With  the  sweep  of  60?  de- 
scribe the  arc  abCy  which  con- 
tinue at  pleasure.     Make  the 

arc  c  d  equal  to  the  angle  of  inclination  ;  then  the  arc  or  right  angle 
abc  +  cdz=z  the  whole  arc  a d. — Bisect adin  b;  then  the  angle  dAb 
(= A  A  o)  is  equal  to  half  ^  right  angle  plus  half  the  angle  of  inclination : 
hence,  the  arc  b  c,  or  the  angle  i  A  c,  is  half  the  complement  of  the  angle 
of  inclination.  Through  the  point  ef,  draw  the  line  A  B,  making  it 
equal  to  the  given  range,  and  it  will  represent  the  descending  plane. 
Draw  the  line  B  R  X  parallel  to  the  vertical  A  Z,  making  R  X  equal  to 
A  Z,  the  measure  of  the  impettis : — take  this  in  the  compasses ;  set  one 
foot  on  the  point  A,  and  with  the  other  describe  the  small  arc  n  n. 
Take  RX  {zzthe  impetus)  -f  RB,  viz.y  the  whole  line  BX,  in*  the 
compasses  ;  set  one  leg  on  the  point  B,  and  with  the  other  describe  the 
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small  arc  o  o ;  the  intereection  of  which  with  ji  h,  at  V,  will  be  the 
rertez  of  the  paraboSeal  path  of  the  shell,  or  the  Highest  point  in  the 
mr  to  which  the  projectile  can  ascend.  Draw  the  dotted  curvet  AV 
and  y  B  ;  the  former  will  represent  the  impetus  or  the  ascendimg  poA 
of  the  shell,  and  the  latter  its  detcemding  path.  Now,  since  those  curvet 
may  be  considered  as  right  Hnet ;  therefore,  let  the  points  A,  V,  and  VjBi 
be  connected  by  straight  lines ;  and  then  we  shall  have  the  plane  tri- 
angle A  V  B. — Take  half  the  angle  V  A  B  in  the  compasses,  and  lajr  it 
off  from  bU}  e  (that  is,  subtract  half  the  angle  at  A  from  half  the  con- 
plement  of  the  angle  of  inclination),  and  through  the  point  e  draw  the 
line  AD.  Then  the  angle  RAD  will  be  the  true  elevation  of  the  mortar 
above  the  plane  of  the  horizon,  and  A  D  the  correct  line  of  direction 
for'projecting  a  shell  to  the  point  B. 

Now,  from  the  data  thus  laid  down,  together  with  certain  known 
elements  that  enter  into  the  Problem,  we  obtain  the  following  universal 

Rule. 

To  the  logarithm  of  the  weight  of  the  charge  of  powder  in  lis.,  add 
the  log.  ar.  comp.  of  half  the  weight  of  the  shell,  and  the  constant 
logarithm  4.  599604 ;  the  sum,  abating  10  in  the  index,  will  be  the 
logarithm  of  the  impetus  A  V,  or  the  ascending  path  of  the  shell. 

In  the  right  angled  triangle  ARE,  the  a.igle  A,  and  the  hypothenuse 
A  B,  are  given  ;  to  find  the  perpendicular  or  side  B  R  : — hence. 

To  the  logarithm  of  the  range  A  B,  add  the  log.  sine  of  the  inclina- 
tion of  the  plane  {viz.,  the  angle  R  A  B)  3  the  sum,  abating  10  in  the 
index,  will  be '  the  logarithm  of  a  natural  number  (equal  B  R  in  the 
diagram),  which  being  added  to  the  impetus  AV,  the  result  will  be  the 
value  of  V  B,  or  the  detcending  path  of  the  shell. 

Now,  the  range  of  the  shell  A  B ;  its  impetus,  or  ascending  path 
A  V ;  and  the  descending  path  V  B,  form  the  plane  triangle  AVE; 
wherein  all  the  sides  are  given  to  find  Jialf  the  angle  V  A  B ;  which  is 
to  be  found  by  Problem  IV.,  page  180  :— then,  this  half  angle  bemg 
subtracted  from  half  the  complement  of  the  angle  of  inclination,  the 
result  will  be  the  correct  angle  above  the  horizontal  plane,  to  which 
the  mortar  is  to  be  elevated,  so  as  to  project  a  shell  to  the  point  B. 

Note. — When  the  plane  is  ascending,  the  half  angle  becomes  additive. 

Example. 

At  what  elevation  mu^t  a  13-inch  mortar  be  pointed^  so  as  to  strike 
an  object  at  the  distance  of  6745  feet,  on  a  plane  which  descends 
8?  !5 ' ;  the  charge  of  fowder  being  7f  pounds  ? 
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90r+8?15:=th^arc  ad,  98?15r  ;the  half  of  which,  or  49?7'30r,i8 
the  angle  rfAft;  then,  90?-49?7:30r=40?52130r=iAc,  or  half  the 
complement  of  the  angle  of  inclination. 

Numerical  computation — First  Part, 

Weight  of  the  given  charge  71  /**.,  or  7-  375  Logarithm  =  0. 867762 
Weight  of  a  13.inch  shell  196  lbs.  i  ditto  98  Log.ar.comp. =8. 008774 
Constant  logarithm*  = 4, 599804 


Impetus  or  the  ascend,  path  A  V= +2994. 6ft.  Logarithm^  3. 476340 

Second  Part. 

Given  range  of  the  shell  =  A  B      6745  feet  Logarithm  =  3. 828982 

Inclination  of  the  plane  =  R  A  B     8°  15 !        Log.  sine  ==  9. 156830 


Natural  number,  or  part  B  R=  +967. 9  feet  Logarithm  =    2. 985812 

Descending  path  of  the  shells  VB3962. 6  feet 

Ascending  ditto,  or  impetus^  W  2994. 6         Log.ar.comp.=36. 523660 

Range  of  the  shell  =  A  B        .    6745, 0         Log.ar.comp. =6.  I7IOI8 


Sum  of  the  three  8ides=  13702. 1 


Half  sum  =     .     .     .     .    0851.05       Logarithms    3.835757 
Remainders       .     .     .     2888.55       Logarithms    3.460681 


Sum  of  the  four  logarithms  =  19. 9911 16 


Half  the  angle  V  A  B,  at  the  mortar  =  8?  10: 50^     Co-sines9. 995558 
Half  the  comp.  of  the  angle  of  inclin.=40. 52. 30 


Elevation  of  the  mortar  s     .     .     .     32?41  MO''  as  required. 

Note. — The  elevation  thus  found  is  the  correct  answer  to  Example 
11,  in  page  163,  Volume  II.,  of  Dr.  Hutton's  "Course  of  Mathe- 
matics," Edition  1811. 

See  Table  D,  page  665,  relative  to  the  weights  of  shells ;  for  it  is 
the  established  weight  of  the  unfilled  shell  that  is  to  be  used  in  the 
calculation. 


*Tbif  expression  comprehends  the  sum  of  twice  the  logarithm  of  800  {ha(f  the  experi- 
mented Yelocity  of  a  hall)  and  the  log.  arith.  comp.  of  161^^  feet,  the  known  descent  of  a 
heavy  bodjr  at  the  earth's  surface  in  one  second  of  time* 


%•  ^» 
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Gir^  th^  Ttme  of  Flighty  amd  the  Horiromial  Rmmge  ;  to  find  the  Ekta- 

tion  of  the  Mortar, 

To  twice  the  logarithm  of  the  time  of  flight,  add  the  log.  ar.  comp. 
of  the  horizontal  range,  in  feet,  and  the  constant  k^rithxn  1. 206376^; 
the  «nm  will  be  the  1<^.  tangeot  of  the  elevation. 

Example. 

A  shell  was  obserred  to  take  16. 32  seconds  in  ranging  66/5  feet \ 
required  the  elevation  at  which  it  was  projected  r 

Time  of  flight  =  .  .  .  16'32  Twice  its  l(^rithm  =  .  2. 425510 
Horizontal  range  =  .  .  6675  feet  Log.  ar.  comp.=3  .  6i.  1/5549 
Constant  logarithm  = 1.206376 


Elevation  of  the  mortar  =^32 :41 :40'^     Log.  tangent  =:  .     .9. 807435 

Note. — ^The  horizontal  range,  as  above,  is  deduced  from  the  range 
on  the  descending  plane  in  the  preceding  Example. — ^This  is  pointed 
out  for  the  purpose  of  showing  that  the  elevation  found  by  the  present 
concue  Rule  will  be  always  as  correct  as  that  deduced  from  Problem  3/. 


Paoblbm  XXXIX. 

Given  the  Elevation,  and  the  Time  of  Flight ;  to  find  the  Horizontal 

Range  of  a  Shell. 

Rule. 

To  twice  the  logarithm  of  the  time  of  flight,  add  the  log.  co-tangent 
of  the  elevation,  and  the  constant  logarithm  1 .  206376 ;  the  sum,  abat- 
ing 10  in  the  index,  will  be  the  logarithm  of  the  horizontal  range,  in 
feet. 

Example. 

A  shell  projected  from  a  mortar  at  an  elevation  of  32?41f40^,  was 
observed  to  take  16. 32  seconds  in  its  flight ;  required  the  measure  of 
its  horizontal  range,  in  feet  ? 

I  1 1  I  I  I  1 1  ■  I  I  ■  .1  ■■■11* 

*  Thii  ii  the  log,  of  t^  feet )  ^  kaown  fall  gf  a  h^iry  \^\tk  fm»  wooai^ 
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Time  of  flights  .  .  .  ]6?32  Twice  its  logarithm »2i  426610 
Eleration  of  the  mortar  =  32 ? 4  r  40r  Log.  co- tangent  s  1 0. 1 92566 
Constant  logarithm  = * 1.206376 


Horizontal  range,  in  feet  =      6675        Logarithm  =     •    •    3. 824451 

» 

Note. — ^The  force  of  gravity  has  a  tendency  to  diminish  the  projectile 
velocity  of  a  ball  or  shell  from  the  instant  of  its  exit  at  the  muzzle  of 
the  piece  :  this  force,  which  may  be  considered  uniform,  is  exerted  at 
the  rate  of  l&fV,  or  16.08333  feet  in  one  second  of  time  :<— now,  tbe 
logarithm  of  this  is  1 .  206376 ;  which,  therefore,  is  the  constant  loga- 
rithm made  use  of  in  the  present  Problem. 

r 

Remark. — Since  the  above  Problem  is  the  converse  of  Problem 
XXVII. ,  page  660,  it  may  be  solved  in  the  following  manner,  viz. :— < 

To  twice  the  logarithm  of  quadruple  the  time  of  flight,  add  the  log. 
CO- tangent  of  the  elevation;  the  sum,  abating  JO  in  the  index^  will  be 
the  logarithm  of  the  horizontid  range  in  feet.     Thus  : 

Time  of  flight  16*32  x  4  =  65f28      Twice  its  logarithm=  3.629560 
Elevation  of  the  mortar  =  32? 41  'AO'!  Log.  co-tangent  =    10. 183565 


Horizontal  range,  in  feet  =     6640       Logarithm  =s      ,    «    3.822125 

Note. — The  horizontal  range  found  iif  this  manner  will  always  be  Ubs 
than  that  deduced  from  the  preceding  Rule  :  in  the  present  instance  it 
is  35  feet  less  than  the  result  determined  by  the  foregoing  method  of 
calculation  : — but,  since  that  method  is  consonant  to  theory,  it  seems 
to  deserve  the  preference. 


Problem  XL. 

Given  the  Elevation,  and  the  Horizontal  Range;  to  find  the  Time 

of  Flight. 

Rule. 

To  the  log.  tangent  of  the  elevation,  add  the  logarithm  of  the  hori- 
zontal range,  in  feet,  and  the  constant  logarithm  8. 793624 ;  take  half 
the  sum  (20  being  previously  rejected  from  the  index),  and  it  will  be 
the  logarithm  of  the  time  of  flight  in  seconds. 

Ea^ample. 

Ill  what  time  will  a  shell  range  6675  feet  on  a  horizontal  plane  $  the 
■lOTlitf  being  elevated  32?4K40r  ? 

"     X  x2 
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Elendion  of  the  mortar  =  .  .  32?41 ' 40r  Log.  tangents9. 907435 
Horizontal  nmge,  in  feet  ^  .  GSJb  Logarithm  =  3.824451 
Constant  logarithm  = 8.79SG24 


Sums     .     .    2.42&510 


Time  of  flight  = 16.32  seconds    Log.  =     1.212/55 

Note. — ^This  Problem  is  similar  to  Problem  XXVII^,  P^^  66B : 
the  constant  l<^^thm  which  is  employed  in  its  solution  is  the  anlk- 
imeHeal  eompUmemt  of  that  made  use  of  in  Problem  XXXIX. 


Problem  XLI. 

OwtH  the  Time  of  FHght  of  a  Shell;  to  find  the  Length  of  the  Fuze. 

Rule. 

To  the  logarithm  of  the  time  of  flight  add  the  constant  logarithm 
9. 342423,  for  13  and  10- inch  shells,— or  9.3802J  1,  for  8,  5|,  and  4f- 
inch  shells :  and  the  sum  (abating  10  in  the  index)  will  be  the  loga- 
rithm of  the  length  of  the  fuze,  in  inches. 

Example  1. 

Let  the  time  of  flight  of  a  13-inch  shell  be  31 .  75  seconds ;  required 
the  length  of  the  fuze  ? 

Time  of  flight,  in  seconds  =      .  31 .  75       Log.  =  1 .  501744 
Constant  log.  = 9.342423 


Length  of  the  fuze,  in  inches  =.      6. 985     Log.  =  0. 844167 

Example  2. 

Let  the  time  of  flight  of  an  8-inch  shell  be  21. 5  seconds ;  required 
the  length  of  the  fuze  ? 

Time  of  flight,  in  seconds  =      .     21.   5     L(»g.  =  1.332438 
Constant  log.  = ]    .    9.380211* 


Length  of  the  fuze,  in  inches  =       5. 16    Log.  =  0. 712649 

Note. — ^The  fuzes  for  a  13  and  a  lO-inch  shell  are  so  constructed  as 
to  burn  •  22  of  an  inch  in  one  j^econd ;  and  those  for  the  smaller  kind^ 
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viz.^  8^  S^f  and  4|^-inch  shells^  .24  of  an  inch  in  the  same  space 
of  time.  Now,  the  logarithms  of  these  two  decimal  numbers,  viz., 
9.342423  and  9.380211,  are  therefore  the  constant  logarithms  made 
use  of  in  the  above  Rule. 

Fuzes  are  generally  marked  off,  by  circular  lines,  into  seconds  i^id 
fractional  parts  of  a  second,  so  that  no  time  may  be  lost  in  measuring 
and  adapting  them  to  the  shells  for  which  they  are  intended. 


Problbm  XLII. 
To  find  the  Time  that  a  Red-fiot  Cannon  Ball  mil  take  to  Cool. 

Rule. 

If  balls  of  iron  be  made  red-hot,  the  times  of  cooling  will  be  us  the 
squares  of  their  diameters.  Now,  it  has  been  found  by  ea^eriment, 
that  an  iron  ball  of  2  inches  in  diameter  takes  60  minutes,  or  1  hour  to 
cool : — hence,  as  the  square  of  2  is  to  1  hour ;  so  is  the  square  of  the 
diameter  of  any  red-hot  ball,  to  the  time,  in  hours,  that  it  will  take  to 
cool ; — or,  as  thus,  by  logarithms  : 

To' twice  the  diameter  of  the  given  red-hot  ball,  add  the  constant 
logarithm  9. 397940 ;  the  sum,  abating  10  in  the  index,  will  be  the 
logarithm  of  the  time,  in  hours,  that  the  ball  will  take  to  cool. 

Example. 

Required  the  time  that  a  red-hot  24  lbs.  br.ll  will  take  to  cool )  its 
diameter  being  5.6  inches  ? 

Diameter  of  the  ball  =    .  5.   6    Twice  its  log.  =  1. 496376 
Constant  logarithm  = 9.397940 


Required  time,  in  hours  =  7-84     Logarithm  =       0.  894316 

Hence,  the  time  that  a  red-hot  24  lbs.  ball  v»  ill  take  to  cool  is  7-  84, 
or  7  hours,  50  minutes,  and  24  seconds. 

Note. — ^The  constant  logarithm  is  expressed  by  the  arithmetical 
complement  of  twice  the  logarithm  of  2. 

Remarks. 

The  velocities  communicated  to  shot  of  the  same  weight,  with  differ- 
ent charges  of  powder,  are  nearly  as  the  square  roots  of  the  respective 
weights  of  the  charges, 


^1B  pm.\m€jiL  enrvnEY. 

Wkes  ihM  td  mStsmx  Mxei  aie  fired  vith  the  tame  charge  of  pow- 
jcr,  thor  velocitiei  are  mtmrhf  in  the  invcne  latio  of  the  square  footi 
cf  their  mpecth-e  veifLu. 

Wben  *hiOt  of  dl^erent  ^:2c-5  are  fined  with  diflereot  charges  of  pow» 
der,  the  lefaKUks  vhich  they  acquire  are  directly  as  the  square  roots 
of  the  charve  of  powder,  acd  in^tr^ely  as  the  square  rcots  of  their 
respectiTe  veighu. 

When  a  *hot  i*  fired,  it  ii  ntrtr  Impelled  by  the  full  power  of  the 
ehar^ :  hecaose  a  certain  portion  of  the  inflamed  powder  escapes  at 
the  rent  or  toach-hole,  suid  a  very  considerable  portion  by  windage: 
besides  which,  some  vrain*  tf  ike  powder  geHerally  remain  unignited, 
and,  consequently,  of  no  exp^^i^sivi-  force  in  projecting  the  shot. 

It  is  ahnoeit  impossible  to  find  a  charge  of  powder  in  which  the  in- 
flammatory matter  of  each  t'rai!!  is  jjo  well  proportioned,  and  so  uni- 
forrrily  actiTe,  a^  to  make  the  whole  susceptible  of  the  same  instan- 
taneous degree  of  esplosiou:  and  iience  it  is  that  several  grains  always 
pass  out  of  the  bore,  cud  e*iupe  (he  fite,  uninjured  !  This  assertion, 
paradoxical  as  it  may  appear,  is  ^upportid  by  the  unquestionable  test 
of  experiments,  as  thus  : — 

When  the  grcund  is  covered  with  snow  that  is  a  little  hardened  by 
frost,  let  a  person  discharge  a  loaded  musket,  pointed  at  an  object 
about  40  or  o^)  yards  distar.t ;  then,  if  he  walks  sloyvly  towards  the 
object,  and  carefully  examines  the  surface  of  the  snow,  he  will  be 
certain  of  Ji tiding  several  t^rcimt  of  povder,  e;.ch  of  which  will  be  so 
sound  and  perfect  as  to  i£:iiitc  at  the  touch  of  a  spark. 

Again, — When  men  are  wounded  in  the  face  by  the  accidental  firing 
of  a  blank  cartriiff/e  from  a  musket,  or  by  the  unlucky  blowing-up  of  a 
powder-monkey,  several  grains  of  powder  will  be  seen  buried,  skin- 
deep,  in  their  cheeks,  6cc.  Now,  on  extracting  those  with  a  surgeon's 
instrument,  or  the  point  of  a  needle,  it  Mill  be  found  that  each  gnun 
is  so  perfect  as  to  be  susceptible  of  being  inflamed  on  the  application 
of  a  lighted  match. 

The  expansive  force  of  gunpowder  is  at  the  rate  of  about  6000  feet 
in  one  second ;  but,  owing  to  the  quantity  lost  by  windage  &c,,  as 
mentioned  above,  it  is  estimated  that  not  more  thau  three- fourths  of 
that  force,  or  about  4500  feet,  are  applied  to  the  projection  of  the  ball. 

The  windage  of  shot  is  generally  about  the  ^  of  the  calibre,  or 
diameter  of  the  bore ;  in  consequence  of  this,  balls  are  greatly  deflected 
from  the  direction  in  which  they  are  projected: — for,  owing  to  windage, 
the  ball,  in  its  passage  through  the  bore  of  the  gun,  seldom  escapes 
without  touching  some  point  in  its  exit  at  the  muzzle :— hence,  if  the 
ball  strike  against  the  right  side,  it  will  be  deflected  to  the  Itft;  and, 
vice  versa,  should  it  strike  against  the  left  side,  it  M'iU  be  deflected  to 
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ike  r^A/.— -AgaiO} — If  the  ball  strike  against  the  upper  side^  it  will  l>e 
forced  dawnwurda^  so  as  to  diminish  its  rftnge ;  and,  conversely,  should 
it  strike  against  the  under  side,  it  will  be  forced  upwards y  so  as  to 
give  an  increase  to  its  customary  range.— Hence,  it  frequently  happens, 
that  in  ranges  of  about  half  a  mile^  balls  are  sometimes  deflected  to  the 
value  of  80  or  100  yards  from  the  objects  at  which  tliey  are  aimed. 

When  a  ball  passes  so  freely  out  of  the  bore  as  not  to  strike  any 
part  near  the  muzzle ;  then,  it  will  constitute  what  is  termed  "  a  good 
shot;"  but  it  is  manifest  that  this  is  entirely  owing  to  chance^  and  not 
to  the  skill  of  the  gunner ;  for  the  most  experienced  artillerist  cannot 
guard  agaill^(t  the  ordinary  deflection  of  military  projectiles. 

It  may  be  laid  down  as  a  yeneral  rule^  that'M^  smaller  the  windage  of 
a  gun  is,  the  less  will  its  shot  deviate  from  the  line  of  direction  in  which 
it  is  fired. — And,  when  one  has  the  good  fortune  to  be  placed  at  a  gun 
that  possesses  the  least  comparative  degree  of  windage,  he  is  sure  to 
obtain  the  credit  of  being  the  best  marksman  in  the  ship,  or  in  the  corps 
to  which  he  belongs ;  and  thus  instances  frequently  occur  in  which  the 
commanding  ofliccr  does  not  always  extend  the  marks  of  his  approba- 
tion to  the  most  deserving  gunner. 


SOLUTION  OF  PROBLEMS  IN  GAUGING. 

V 

Gauging  is  the  art  of  finding  the  number  of  gallons,  &c.,  contained 
in  any  vessel. 

By  a  Parliamentary  statute,  it  is  enacted  that  there  is  to  be  but  one 
general  standard  gallon  throughout  Her  Majesty's  dominions  of  Great 
Britain  and  Ireland ;  which  gallon  is  to  contain  10  lbs.  (avoirdupois 
weight)  of  distilled  water,  each  pound  of  which  is  to  weigh  7000  grains 
(troy  weight) :  heiice  the  standard  gallon  is  to  contain  /OOOO  grains  (troy 
weight)  of  distilled  water.  Now,  since  a  cubic  inch  of  distilled  water 
weighs  252.458  grains  (troy  weight),  the  contents  of  the  standard 
gallon  may  be  readily  reduced  to  cubic  measure,  by  the  following  pro- 
portion ;\'iz.,  as  252.458  grains  :  1  inch  ::  70000 grains  :  277-27384357 
inches 3  which,  therefore,  is  the  number  of  cubic  inches  hi  the  standard 
gallon.  And  because  the  measure  of  the  old  standard  wine  gallon  is 
231  cubic  inches,  and  that  of  the  old  standard  ale  gallon  282  such 
inches,  we  have  sufficient  data  for  obtaining  proper  multipliers  for  the 
reduction  of  the  old  standard  wine  and  ale  measure  into  the  new 
general  standard  measure^  and  conversely.    Hence, 
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277.27384357-*-231  =  1 .200819e7")^tt  the  general  multipUer 
Log.=0.  Q792S7  r    the  new  standard  mea 

^    old  standard  wine  met 

231  -r277. 27384357=0.8331 1 140|  is  the  general  multiplier 

Log. =9. 920703  r   the  old  standard  wine  i 

^    the  new  standard  mea 

277.27384357^282=0.983240581  is  the  general  multipUer 

Log.=z9. 992660  /   the  new  standard  mea 

J    old  standard  ale  meast 
282^-277.27384357= 1 .01 704508^  is  the  general  multipUer 

the  old  standard  ale  i 
the  new  standard  mea 


Log.  =0.007340  r   the  old  standard  ale  i 


Now,  the  respective  multipUers  and  their  corresponding 
being  thus  obtained,  the  reduction  of  the  old  standard  w 
measure  into  the  new  general  standard  measure,  and  con^ 
be  very  readily  performed,  by  means  of  the  follow;ing  Proh 


Problem  I. 

To  reduce  Uie  old  standard  Iflne  Measure  into  the  new  Imperi 

RuuE. 

To  the  lo  ailhm  of  the  old  standard  wine  gallons  add  tl 
logarithm  9.1)20703,  and  the  sum  will  be  the  logarithm  < 
standard  g  lions. 

Example. 

Reduce  400  gallons  of  the  old  standard  wine  measure  ini 
general  ^.tandard  measure. 

Given  number  of  gallons  =z        400    Log.  =  2. 6Q2( 
Cjnstcint  log.  = 9. 920J 

New  standard  gallons  =      333. 245     Log.  =  2. 522/ 


Problem  II. 
To  reduce  the  new  Imperial  Measure  into  the  old  standard  JVim 

Rule. 

To  the  logarithm  of  the  new  standard  gallons  add  the  co: 
garithm  0.079297,  and  the  sum  will  be  the  logarithm  o 
standard  wine  gallons. 
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Example. 


Given  number  of  new  standard  gallons  =    400    Log^iSs2»  602060 
Constant  log.  = 0. 079297 


Old  standard  wine  gallons  =       .     .     480. 128    Log.=2. 681357 

Note. — From  the  above  Problems  it  appears  that  the  new  general 
standard  gallon  is^  very  nearly^  one-fifth  greater  than  the  old  stand- 
ard wine  gallon. 


Problem  III. 
^    To  reduce  the  old  standard  Ale  Measure  into  the  new  Imperial  Measure. 

.A 

Rule. 

To  the  logarithm  of  the  old  standard  ale  gallons  add  the  constant 
.  logarithm  0. 007340,  and  the  sum  will  be  the  logarithm  of  the  new 
general  standard  gallons. 

Example. 

Reduce  400  gallons  of  the  old  standard  ale  measure  into  the  new 
'    general  standard  measure. 

Given  number  of  ale  gallons  =  400    Log.  =  2. 602060 
Constant  log.  = 0.007340 


New  standard  gaUons  =    .    406. 82    Log.  =  2. 609400 


Problem  IV. 
To  reduce  the  new  Imperial  Measure  into  the  old  standard  Ale  Measure, 

Rule. 

To  the  logarithm  of  the  new  standard  gallons  add  the  constant  lo- 
garithm 9. 992660,  and  the  sum  will  be  the  logarithm  of  the  old  standard 
ale  gallons. 

Example. 

« 

Reduce  400  gallons  of  the  new  general  standard  measure  into  the  old 
standard  ale  measure. 


♦ 


680  PRACTICAL    GAUGING. 

« 

277.27384357 ■4-231  =  1 .20031967^8  the  general  multipUer  for  reducing 
Log. =0.079297  r    the  new  standard  measure  into  tine 

-'     old  standard  wine  meaaure  ;  and, 
231  -{-277. 27384357=0.8331 1 140^  is  the  general  multiplier  for  redaciog 
Log.=9. 920703  >   the  old  standard  wine  measure  into 

•^     the  new  standard  measure. 
277.27384357-^282=0,983240581  is  the  general  multipUerfor  reducing 
Log.=:9. 992660  r   the  new  standard  measure  into  the 

^    old  standard  ale  measure  ;  and, 
282^-277.27384357= 1.01 704508^  is  the  general  multipUerfor  reducbg 
Log. =0.007340  r    the  old  standard  ale  measure  into 

^    the  new  standard  measure, 

N0W9  ^^^^  respective  multipliers  and  their  corresponding  logarithms 
being  thus  obtained,  the  reduction  of  the  old  standard  wine  and  ale 
measure  into  the  new  general  st^mdard  measure,  and  conversely,  may 
be  very  readily  performed,  by  means  of  the  following  Problems. 


Problem  I. 

To  reduce  the  old  standard  Wine  Measure  into  the  new  Imperial  Measure, 

RuuE. 

To  the  lo  a-ilhm  of  the  old  standard  wine  gallons  add  the  constant 
logarithm  9.920703,  and  the  sum  will  be  the  logarithm  of  the  new 
standard  g  lions. 

Example. 

Reduce  400  gallons  of  the  old  standard  wine  measure  into  the  iicw 
general  standard  measure. 

Given  immber  of  gallons  =         400    Log.  =  2. 602060 
Cjnstant  log.  = 9.920703 

New  standard  gallons  =      333. 245     Log.  =  2. 522763 


Problem  II. 
To  reduce  the  new  Imperial  Measure  into  the  old  standard  Wine  Measure. 

JlULE. 

To  the  logarithm  of  the  new  standard  gallons  add  the  constant  lo- 
garithm 0.079297,  and  the  sum  will  be  the  logarithm  of  the  old 
standard  wine  gallons. 
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Example, 


Given  number  of  new  standard  gallons  =    400    Log.s2, 602060 
Constant  log.  = 0.079297 


Old  standard  wine  gallons  =       .     .    480. 128    Log.=2. 681357 

Note, — From  the  above  Problems  it  appears  that  the  new  general 
standard  gallon  is^  very  nearly,  one-fifth  greater  than  the  old  stand- 
ard wine  gallon. 


Problem  III. 
To  reduce  the  old  standard  Ale  Measure  into  the  new  Imperial  Measure. 

Rule. 

To  the  logarithm  of  the  old  standard  ale  gallons  add  the  constant 
logarithm  0. 007340,  and  the  sum  will  be  the  logarithm  of  the  new 
general  standard  gallons. 

Example, 

Reduce  400  gallons  of  the  old  standard  ale  measure  into  the  new 
general  standard  measure. 

Given  number  of  ale  gallons  =  400    Log,  =  2. 602060 
Constant  log.  = 0.007340 


New  standard  gallons  =    .    406. 82    Log.  =  2. 609400 


Problem  IV. 

« 

To  reduce  the  new  Imperial  Measure  into  the  old  standard  Ale  Measure. 

Rule. 

To  the  logarithm  of  the  new  standard  gallons  add  the  constant  lo- 
garithm 9. 992660,  and  the  sum  will  be  the  logarithm  of  the  old  standard 
ale  gallons. 

Example, 

f 

Reduce  4(X)  gallons  of  the  new  general  standard  measure  into  the  old 
standard  ale  measure. 


QII2  Pft^CTlCAL  eACQIMO. 

Given  nu  mber  of  new  standard  gallons  =     400    hog.^2.  GO2060 
Constant  log.  = 9.993660 

Old  standard  ale  gallons  z^     .     .     .     396. 296    Liog.==:2. 69^^ 

Notes — Frrni  the  two  last  Problems  it'  appears  that  the  new  general 
standard  gallon  is,  very  nearly^  one-siatieth  less  thao  the  old  standard- 
ale  gallon. 


Problem  V. 

Given  the  Dimensions  of  a  circular-headed  Cask;  to  find  Us  Conieai  in 
Ale  and  in  fVine  Gallons^  and  also  agreeably  to  the  new  general  standard 
or  Imperial  Gallon^ 

Rule,  ^^ 

Divide  the  head  diameter  by  the  bmig  diameter,  to  two  places  of 
decimals  in  the  quotient  \  then, 

Add  together  the  logarithm  for  ale  or  wine  gallons  corresponding  to 
this  quotient  in  the  first  part  of  Table  LVIt.,  the  logarithm  of  the 
bung  diameter  in  the  second  part  of  that  table,  and  the  common  lo- 
garithm of  the  length  of  the  cask :  the  sum  (abating  10  in  the  index) 
will  be  the  logarithm  of  the  content  of  the  cask  in  ale  or  wine  gallons. 
Now,  to  the  logarithm,  thus  found,  add  the  constant  Ic^^arithm  0.0(^^0 
for  ale  gallons,  or  9. 920703  for  wine  gallons  ;  and  the  sum  will  be  the 
logarithm  of  the  true  content  of  the  cask  in  gallons,  agreeably  to  the 
new  general  standard  or  imperial  measure. 

Example, 

Let  the  bung  diameter  of  a  cask  be  25  inches,  its  head  diameter  19.5 
inches,  and  length  31  inches  ^  required  its  content  in  ale  and  wine  gal- 
lons, and  also  in  gallons  agreeably  to  the  new  general  standard  measure? 

19. 50-^25=0.  7Sy  quotient  of  the  head  diameter  divided  by  the  bung 
diameter. 

First, — For  Ale  Gallons. 

Quotient  =         0.  78     Log.  for  ale  gallons  =  7.3626/1 

Bung  diameter  =       .        23  inches     Corresponding  log.=:  2.795880 
Length  of  the  cask  =  31  inches      Common  log.  =      .     !•  49I36si 

Content  in  ale  gallons  =      .    44.66    Log.  =      •     .     .     •     1.649913 
Constant  log.  = ' O.OO7340 

Content  in  imperial  gallons^  45. 42    Log.  =      •     •     ,    •    l«0^79l§9 
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Second^ — For  Wine  Gallons. 

Quotient  s= 0.78     Log.  for  wine  gallons  =s  7.449340 

Bung  diameter  =       .     25  inches    Corresponding  log.  =      2<  7^5880 
Length  of  the  cask  =     31  inches     Common  log.  =      .     .     1.491362 

Contentin  wine  gallons  =  54. 52     Log.  = 1  •  736582 

Constant  log.  = 9.920703. 

Content  in  imperial  galls, =45.  42    Log.  = 1.657285 

See  the  Example  for  ilhistrating  tlie  use  of  Table  LVIL,  page  153, 
and  also  page  154. 

Note. — In  gauging  a  cask,  it  is  to  be  remembered  that  the  dimensions 
of  the  bung  diameter,  the  head  diameter,  and  the  length  of  the  ca^, 
must  be  all  taken  within  the  cask.  In  measuring  these  dimensions,it  is 
to  be  carefully  observed  that  the  bung-hole  be  in  the  middle  of  the  caak, 
and  tliat  the  bung-stave  and  the  stave  directly  opposite  thereto  be  both 
regular  and  even  wuthin  the  cask;  also,  that  the  heads  of  the  cask  be 
equal  and  truly  circular  :  if  so,  tlie  distance  between  the  inside  of  tlie 
chimb  to  the  outside  of  its  opposite  stave  v.ill  be  the  head  diameter 
mthin  the  casky  very  nearly. 

Remark. — The  abote  Problem  will  be  found  exc(»edingly  useful  to 
Pursers  in  the  Iloyal  Navy,  to  Commissaries  in  the  Army,  and  to  other 
officers  in  charge  of  Government  stores,  who  may  have  occasion  to  pur- 
chase beer,  wine,  or  spirits,  on  Her  Majesty's  account,  in  foreign 
countries ;  because  it  enables  them  to  ascertain,  in  a  few  minutes,  the 
absolute  number  of  gallons  contained  in  any  given  quantity  of  liquor, 
of  the  old  measure,  agreeably  to  the  established  standard,  or  imperial 
mesisure. 


Problem  VI. 

Given  the  Content  of  a  Cask  lying  in  a  horizontal  Positiony  its  Bung^ 
Diameter y  and  the  DejUh  of  the  UUage  or  Wet  Inches ;  to  find  the 
Qitaniity  of  Liquor  in  the  Cask. 

Rule. 

Conceive  the  bung  diameter  to  be  represented  by  unity  or  I  inch, 
and  that  it  be  divided  into  10000  equal  parts ;  then  the  half  of  this, 
viz.^  &000|  is  to  be  considered  as  a  constant  decimal. 
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Divide  the  wet  inches^  or  depth  of  the  ullage,  by  the  bung  diameter, 
to  four  places  of  decimals  in  the  quotient ;  find  the  difference  between 
this  quotient  and  the  constant  decimal.  Now^  one-fourth  of  this  dif- 
ference being  subtracted  from  the  quotient,  if  the  latter  be  less  than 
the  constant  decimal,  or  added  thereto  if  it  be  more  than  that  decimal, 
the  difference  or  sum  will  be  the  muUyfUer, 

Then,  to  the  logarithm  of  the  multiplier,  thus  found,  add  the  lo- 
garithm of  the  content  of  the  cask,  in  wine  measure ;  and  the  sum  will 
be  the  logarithm  of  the  ullage,  or  number  of  gallons  of  liquor  in  the 
cask,  in  wine  measure.  And  if  to  this  logarithm  the  constant  logarithm 
9. 920703  be  added,  the  sum  will  be  the  logarithm  of  the  ullage,  agree- 
ably to  the  imperial  measure. 

Note. — If  the  content  of  the  cask  be  given  in  ale  measure,  the  con- 
stant logarithm  will  be  0. 007340. 

Example  1. 

Let  the  bmig  diameter  of  a  cask  be  31. 25  inches,  its  content  in  wine 
measure  105.32  gallons,  and  the  depth  of  the  ullage,  11.5  inches; 
required  the  quantity  of  liquor  in  the  cask  ? 

Depth  of  the  ullage,  or  wet  inches,  11. 5-^31. 25 

inches  (B.  D.)=  .  3680  quotient,  .3680,  which  is  less  than  the  con- 
Constant  decimal=  •  5000  staut  decimal. 


Difference  =       .     .  1320-*-4  =  .     .330,  subtractive. 


Multiplier  = 3350  Log.=9. 525045 

Content  of  cask,  in  wine  nieasure= 105. 32  gallons        Log.=2. 022506 


Content  of  ullage,  in  wine  gallon8=  35. 28  Log.=  1 .  547551 

Constant  log.  =9. 920703 

Content  ofullage,in  imperial  galls.=29. 39  Log. =1.468254 

Note. — If  the  content  of  the  cask  be  given  in  imperial  measure,  let 
the  logarithm  thereof  be  added  to  the  logarithm  of  the  multiplier ;  and 
the  sum  will  be  the  logarithm  of  the  ullage. 

Thus,  in  the  above  Example,  let  the  content  of  the  cask  be  given 
agreeably  to  the  general  standard  or  imperial  measure;  viz., ^.74 
gallons;  then. 

Multiplier,  as  above  = 3350  Liog.=9. 525045 

Content  of  the  cask,  in  impl.  meas.=  87. 74  gallons     Log.=r  1.943209 

Content  of  ullage,  in  imperial  galls.=r  29. 39  Log.=l.  408254 
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Example  2. 

Let  the  bung  diameter  of  a  cask  be  25  inches,  its  content  in  wine 
measure  54. 52  gallons^  and  the  depth  of  the  ullage  15. 75  inches ;  re- 
quired the  quantity  of  liquor  in  the  cask  ? 

Depth  of  the  ullage,  or  wet  inches,  15. 7&-r25 

inches  (B.  D.)  =  .  6300  quotient,  •  6300,  which  is  more  than  the 
Constant  decimals  •  5000  constant  decimal. 


Difference  =    .    .     .  1300-+-4  =     .    .  325,  additive- 


Multiplier »       6625  Log.r=9.82ll86 

Content  of  the  cask,  in  wine  meas-s  54.  52  gallons     Log.=l.  736582 

Content  of  ulkge,  in  wine  gallons  =  36. 12  Log.=r=l.  557768 

Constant  log.=9. 920703 

Content  of  ullage,  in  imperial  galls.=:30. 09  Log.=I .  478471 

But  if  the  content  of  the  cask  be  given  agreeably  to  the  imperial 
standard  measure,  viz.,  45.  42  gallons,  then  the  latter  part  of  the 
operation  will  be  as  thus  : — 

Multiplier,  as  above  = 6625  Log.=»9. 821 186 

Content  of  the  cask,  in  impl.  meas.  =  45. 42  gallons   Log.  =5 1. 657285 

Content  of  ullage,  in  imperial  galls,  s  30. 09  Log.=  1. 478471 

Remark. — If  the  dry  inches  of  the  bung  diameter  be  made  use  of  in- 
stead of  the  wet,  the  result  of  the  operation  will  express  the  vacuity  in 
the  cask ;  and  if  this  vacuity  be  added  to  the  ullage,  the  sum  will  be 
the  content  of  the  cask,  which  will  be  a  proof  that  the  work  is  right. 

Thus,  in  the  last  Example,  where  the  bung  diameter  is  25  inches, 
and  the  depth  of  the  ullage  15. 75  inches,  the  difference  of  these  is 
9. 25,  which,  therefore,  is  the  number  of  dry  inches. 

Then,  dry  inches  9. 25-T-25 

inches  (B.  D.)=  .3700  quotient,  .  3700,  which  is  less  than  the  con- 
Constant  decimal  =.5000  stant  decimal. 


Difference  =        .     .  1300-1-4  =        .    .  325,  subtractivc. 


Multiplier  =; 33/5  Log.=9. 5282/4 

Content  of  the  cask,  in  impl.  meas.=  45.  42  gallons     Log.  =  l.  65/2^5 

Vacuity  in  the  cask  =       .     .     •     .     15.33  Log.  =:].  185559 

Content  of  the  ullage  =    .         .    .    30. 09 

Content  of  the  cask  =       .     •     .     .    45.  42 ;  which  proves  the  work  is 
right. 
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Problem  VII. 

Given  the  Content  of  a  Ca$k  atandinff  m  a  vertical  or  upright  Poritum^ 
its  Lengthy  and  the  Depth  of  the  Ullage  or  Wet  Inches ;  to  find  the 
Quantity  of  Liqnor  in  the  Cask. 

Rt7LB. 

Conceive  the  length  of  the  cask  to  be  represented  by  unity  or  1  inch, 
and  that  it  be  divided  into  10000  equal  parts  ;  then,  the  half  of  thli, 
viz.,  .  5000,  is  to  be  considered  as  a  constant  decimaL 

Divide  the  wet  inches^  or  depth  of  the  ullage,  by  the  length  of  the 
cask,  to  four  places  of  decimals  in  the  quotient ;  find  the  difference  be- 
Iweeu  Uus  quotient  and  the  constant  decimal :  now,  one-tenth  of  this 
difference  being  subtracted  from  the  quotient,  if  the  latter  be  less  than 
the  constant  decimal,  or  added  thereto  if  it  be  more  than  that  decimal, 
the  difference  qt  sum  will  be  the  multiplier. 

Then^  to  the  logarithm  of  the  multiplier^  thus  found,  add  the  lo- 
garithm of  the  content  of  the  cask,  in  wine  measure  ;  and  the  sum  #ill 
be  the  logarithm  of  the  ullage,  or  number  of  gallons  of  liquor  in  the 
cask,  in  wine  measure.  And  if  to  this  logarithm  th^constant  logarithm 
9. 920703  be  added,  the  sum  will  be  the  logarithm  of  the  ullage  agree- 
ably to  the  imperial  standard  measure. 

Note. — If  the  content  of  the  cask  be  given  in  ale  measure,  the  con- 
stant logarithm  will  be  0. 007340. 

■ 

Example  1. 

Let  the  length  of  a  cask,  between  the^heads,  be  39  inches,  its  con- 
tent  in  wine  measure  105. 32  gallons,  and  the  depth  of  the  ullage  16.5 
inches  ;  required  the  quantity  of  liquor  in  the  cask  ? 

Depth  of  ullage,  or  wet  inches,  I6.5-r39 

inches  (length)  =  .4231  quotient,  .4231,  which  is  less  than  the  con- 
Constant  decimal  =  .  5000  stant  decimal. 


Difference  =     .     .      ,  769  h-  10  =       . .  77?  subtractive. 


Multiplier  = 4154  Log.=9. 61846/ 

Content  of  the  cask,  in  wine  meas.=  105. 32  gallons     Log.=2.  Q22506 


Oontent  of  ullage,  in  wine  gallons  =  43.75  Log.  =:  1.6409/3 

Constant  log.^9. 930703 


Content  of  ullage,  in  imperial  galls.  =  36. 45  Log*'^'  I*  5616^9 
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Note. — If  the  content  of  the  cask  be  given  agreeably  to  the  imperial 
standard  measure,  let  the  logarithm  thereof  be  added  to  the  logarithm 
of  the  multiplier  \  and  the  sum  will  be  the  logarithm  of  the  ullage. 
Thus,  m  the  above  Example,  let  the  content  of  the  cask  be  given  in 
imperial  measure ;  viz.,  87. 74  gallons  ;  then. 

Multiplier  = 4154  Log.=9. 618467 

Content  of  the  cask,  in  impl.  meas.  =  87. 74  galk>n8     Log. » 1 .  943409 


Content  of  ullage,  in  imperial  gall8.=  36. 45  Log.=  1 .  561676 

Exim^e  2. 

Let  the  length  of  a  cask,  between  the  heads,  be  31  inches,  its  con- 
tent in  wine  measure  54. 53  gallons,  and  the  depth  of  the  ullage  18.5 
inches  ;  required  the  quantity  of  liquor  in  the  cask  ? 

Depth  of  ullage,  or  wet  inches,  18.  5h-31 

inches  (length)  =  .  5968  qiiotient,  .  5968^  whi^h  is  more  lh»n  the 
Constant  decimal=  .  5000  constant  decimal. 


Difference  =     .     .     .968-*- 10=      .     .  97,.  additive. 


Multiplier  rz        .......    .6065  Log.  =>9. 782881 

Content  of  the  Cask,  in  wine  galls.  =  54.52  Log. =1.736582 


Content  of  ullage,  in  wine  gallons  =   33.0/  Log.=1.5I94I3 

Constant  log. =9. 920708 


Content  of  ullage,  in  imperial  galls.ss  27*  55  Log.=:l.  4^116 

But  if  the  content  of  the  cask  be  given  in  imperifd  measure,  viz., 
45. 42  gallons,  then  the  latter  part  of  the  operation  will  be  as  thus  : — 

Multiplier,  as  above  =        6065  Log.=9. 782831 

Content  of  the  cask,  in  impl.  meas.  =  45.  42  gallons     Log.  =:1. 657285 


Content  of  ullage,  in  imperial  galls.  =  27. 55  Log.=  1 .  4401 16 

Remark. — If  the  dry  inches  of  the  length  of  the  cask  be  made  use  of 
instead  of  the  wet,  the  result  of  the  operation  will  express  the  vacuity 
in  the  eask ;  and  if  this  vacuity  be  added  to  the  ullage,  the  dani  will 
give  the  content  of  the  cask  :  but  this,  it  is  presumed,  does  tiot  nded  to 
b«  eloekkited  by  an  Example. 
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■  For  reat&lj/fin^ff  the  Number  of  Wme  or  Ale  GaUotu  wMeh  u  aditaSii 
egimaleni  to  any  given  Number  of  GaUotu  Inqterial  Stimdard  Met- 
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3.936 

9 

9'0 

1    0.909 

10 

12 

0 

C, 0.102 

101    9  :i 

*  I  3. 637 

10 

8    10 

2.596 

10 

lojo 

1  11.451 

:o 

21 

0 

0  1  0.20.'i 

20     19   2 

1    1.274 

20 

16  ail'i.m 

20 

20,1 

0)2.909 

30 

3r,\o 

0.0.30? 

30    2H    1 

1  '3.911 

30 

24  1  3, 1,3.787 

30 

30  2 

0    0.363 

40 

4s!o 

0|  0.109 

40     3\}   0 

2.2.548 

40 

33    1 

0    2.383 

" 

40  2 

1' 1.818 

~. 

"iiolo 

0,0.511 

50     49    0 

ill. 185 

50 

"^17 

1 ' 0.978 

50-     50 '3 

0    3.272 

CO 

72 

0 

0    0.614 

GO     M    3 

1  '  3.  822 

60 

49    3 

1 1  3.  574 

60,      61   0    0    0.727 

70 

S4 

0 

0  o.;iG 

to'    68    3 

0    2.4.-i9 

70 

58    1 

0   2.170 

70,     71  0    1    2.181 

go 

96 

0 

0  0.818 

80     7R    2 

r  1.096 

80 

66    a.  1;  0.765 

801     81    1     0    3.635 

90 

IDH 

' 

0    0.921 

90;   88  ;i 

1;. ■1.733 

90 

74    3    1    3.361 

90|     91  2    0    1.090 

IDU 

120  0 

0    1.02.1 

lool  % 

0   2.370 

100 

83    lio'l.9,16 

100,   101   2    12. 544 

200 

2J0  0 

0    2.016 

200   196 

2 

I    0.740 

2oo;w6, a;*, .1.9131 

200    203; 1    r  1.089 

300 

360!  0 

0    :>.069 

300  291 

3 

I    3.1 10 

300, 8491311(1. 86y| 

.300    305,0    0,3.633 

400 

480  0 

1    0.092 

100  393 

1 

0    1.479 

400 

333!0    1  ,3.826 

400   406:3    0|2.17? 

500 

t.OOjO 

,l,.„5 

S00|491 

2 

0    3.849 

500 

41«l2l«'l.782 

500   508  i, 4^0.721 

GOO 

7200 

1.2.l;!B 

600  JByJj 

I '2.219 

600 

49913  {1,3.739 

600    i;ie0ll|3.'>6fi 

;oo 

H10,l):i    ;i.lfil 

700  C88 ' 1 

OiO..';B9 

700  583  I  0    r 1.695 

700!   711   3'1;  1.310 

BOO 

yiiO  1  ,0,0.184 

8(l0l  ,-86  1  2 

0:2.959 

800  fi66    1     I    3.652 

8001  813  -1    l|0.,l,-.l 

DOOlOSn;!    0'i.207 

irOO  iSi  '  3 

lll.3!9 

9UO!;4U    ;i    fl,  1.608 

9001  915  I    01 2.898 

10001200  1    0    2.2l>!) 

000'!)S3;0 

13. 699  1000j833'fl:0    3.565| 

000,1017  0    D    I.41.J 

Note. — In  iiHiug  the  uboTe  Table,  if  the  given  number  of  gallonB 
cannot  be  exactly  found,  or  if  it  fall  witliouc  the  liniita  of  the  'i  able, 
the  sum  nf  the  different  quantities  corresponding  to  the  several  terms 
which  make  up  the  given  number  of  gallons  is,  in  such  cases,  to  be 
taken  ;  as  in  the  fo-owing  Exainplea  : — 
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Example  1. 

In    1736  gallons,  imperial  measure,  how  many  gallons   of  wine 
measure  ? 

G.    Q.P.    GUlt. 
1000  galls.,  impl.  meas.,  are  equal  to  1200. 1.0.2.229  W.M. 
700  ditto  ditto  840.0.1.3.161  ditto. 

30  ditto  ditto  36. 0. 0. 0. 307  ditto. 

6  ditto  ditto  7.0.1.2.461  ditto. 


Hence,  1736  galls.,  impl.  meas.,  are  equal  to  2083.3.0.0. 158  W.  M. 

Example  2. 

In  1839  gallons,  wine  measure,  how  many  gallons  imperial  measure? 

G.    Q.  P.  Gills. 
1000  galls.,  wine  meas.,  are  equal  to  833.0.0.3.565impl.meas. 
800  ditto  ditto  666.1.1.3.652      ditto. 

30  ditto  ditto  24.3.1.3.787      ditto. 

9  ditto  ditto  7- 1.1.3.936      ditto. 


Hence^  1839  galls.,  wine  meas.,  are  equal  to  1532.0.0.2.940impl.meas. 

Remark. — ^The  preceding  Table  will  be  found  useful  to  those  who 
have  occasion  to  purchase  wine  or  spirits  in  places  out  of  the  British 
dominions. 


A  COMPENDIUM  OF  PRACTICAL  NAVIGATION ;  including 
the  direct  manner  of  making  out  a  Day's  Work  at  sea ;  intended  for 
the  use  of  persons  unacquainted  with  the  elements  of  Geometry 
and  Trigonometry. 

Problem  I. 

To  reduce  the  Sun's  Declination^  as  given  in  the  Nautical  Almanac,  to 
the  Time  of  mean  Noon  under  any  known  Meridian. 

Rule. 

From  page  II.,  of  the  month  in  the  Nautical  Almanac,  take  out  the 
sun's  declination  for  noon  of  the  given  day,  and  note  whether  it  is 
increasing  or  decreasing }  and,  at  the  same  time,  take  out  tlie  variation 
of  the  sun's  declination  between  the  noons  of  the  given  and  preceding 

Y  \ 
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days  if  the  longitude  be  east,  but  between  those  of  the  given  and  fol- 
lowing days  if  the  longitude  be  west.  Thenj  with  this  variatioD,  or 
difference  of  declination,  enter  Table  XV.,  at  top,  and  the  longitude  of 
the  given  meridian  in  the  right  hand  column ; — in  the  angle  of  meeting 
will  be  found  a  correction,  which  being  applied  to  the  declination,  taken 
from  the  Nautical  Almanac,  agreeably  to  the  directions  expressed  at 
the  bottom  of  the  Table,  will  give  the  sun's  correct  declination  at  the 
noon  of  the  given  place. 

Note. — ^When  the  longitude  of  the  given  meridian,  and  the  variation 
of  declination  cannot  be  exactly  found  in  the  Table ;  then,  the  sum  of 
the  proportional  parts,  corresponding  to  the  several  terms  which  make 
up  the  whole  longitude  and  the  whole  variation,  will  be  the  correction 
of  declination  required. 

Example  1. 

Required  the  sun's  declination  at  noon,  August  10th,  1825*,  in  lon- 
gitude 100?30l  East  ? 

Variation  of  declination  between  given  and  preceding  noons  (the  lon- 
gitude being  east)  is  17-26'' 

Sun's  declination  at  noon  of  the  given  day  per  Nau- 
tical Almanac  (decreasing)  = 16?36'30^  N. 

Pro.pt.  to  Ion.  90?  0:  andvar.  17;  Or  =  4M5:  OT 
Ditto       .     .    90.   0   ditto         0. 26    =0.   6. 30 
Ditto       .     .     10.30   ditto        17.   0    =0.29.45 
Ditto       .     .     10.30   ditto         0.26    =0.  0.45.30 


Correction  of  dec.  additive  =       .    ,     .    4152?  0r30V'    4-  4^52^ 


Sun's  reduced,  or  corrected  declination  =      •    .    .    •     15T41  '22T  N. 


Example  2. 

Required  the  sun's  declination  at  noon,  April  3rd,  1825*,  in  longi- 
tude 75?  45:  West? 


•  It  is  the  nautical  or  sea  day  that  is  made  use  of  in  this  and  the  following  Examples:— 
this  day,  like  the  civil,  begins  at  miunight,  nnd  ends  at  the  following  midnight:— it  if 
divided  into  two  parts,  of  12  hoors  each  ,*  the  first  part  or  that  contained  between  Biidnigfal 
and  noon  is  called  A.M.  or  ante  meridiem,  and  the  other  part,  or  thai  bttwotn  BOOtt  uA 
midnight,  P.M.  or  post  meridiem. 


A  COHnifDIUlf   OF  PRACTICAL   If ATIGATION.  OQl 

Yariation  of  declination  between  giren  and  following  noons  (the 
longitude  being  west)  is  22 '54^ 

Sun's  declination  at  noon  of  the  given  day^  per  Nau- 
tical Almanac  (tncrea^n^)  =     6*18'40TN. 

Pro.pt.  to  Ion.  76^  O:  and  var.  22^  0'!  =  4^35^'  Or 
Ditto  0.45      ditto    22.   0   =0.   2.45 

Ditto  76.   0      ditto      0.54   =0.11.15 

Ditto  0.46      ditto      0.54   =0.   0.   6.45 


Correction  of  declination,  additive  =      .     4'49r  6r45V    +4^49': 


Sun's  reduced^  or  corrected  declination  =        ....    5?23'29^  N. 


Problem  II.  . 

Gwen  the  Stm*s  Meridian  Altitude,  to  find  the  Latitude  of  the  Place  qf 

Observation. 

Rule. 

Reduce  the  sun's  declination  to  the  meridian  of  the  given  place  by 
the  preceding  Problem. 

Then,  to  the  observed  altitude  of  the  sun's  lower  limb  add  the  diflTer- 
ence  between  its  semidiameter  (page  II.  of  the  month  in  the  Nautical 
Almanac)  and  the  dip  of  the  horizon  (Table  II.),  and  the  sum  will  be 
the  apparent  altitude  of  the  sun's  centre;  from  which,  let  the  difference 
between  the  parallax  and  refraction  answering  thereto  (Tables  VII.  and 
VIII.)  be  sul)tracted,  and  the  remainder  will  be  the  sun's  true  central 
altitude ;  which  being  taken  from  90  degrees  will  leave  the  sun's  meri- 
dional zenith  distance  of  a  contrary  denomination  to  that  of  its  ob- 
served altitude.     Now, 

If  the  sun's  meridian  zenith  distance  and  its  reduced  declination  are 
both  north,  or  both  south,  their  sum  will  be  the  latitude  of  the  place  of 
observation :  but  if  one  be  north  and  the  other  south,  their  difference 
will  be  the  latitude,  and  always  of  the  same  name  with  the  greater  term. 

Example  1. 

April  10th,  1 826,  in  longitude  75  ?  west,  the  meridian  altitude  of  the 
sun's  lower  limb  was  57?40'30''  south,  and  the  height  of  the  observer's 
eye  above  the  level  of  the  sea  22  feet  j  required  the  latitude  of  the 
place  of  observation  ? 

yT2 
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Variation  of  the  sun's  declination  between  the  given  and  followiiig 
noons  (the  longitude  being  west)  is  22'6T. 

Sun's  declination  at  noon  of  the  given  day,  per  Nautical 

Almanac  {yacreasxng)  = 7  ^56' 42 1  N. 

Propl.  part  to  long.  76^0:  and  var.  22^  Or  =  4^35^  Or 
Ditto      ...    76.0      ditto       0.   6    =0.    1.15 

Correction  of  declination,  additive  =«  .    .    .    4^36ri5r  +  4^36r 

Sun's  reduced,  or  corrected  declination  =  ^     .     .    .    •    8?  1 '  18^  N. 

Observed  altitude  of  the  sun's  lower  limb  =    .     .     .    .  57M0:30r  S. 
Sun's  semidiameter  =       .     .  15'59Tl  ^^,c^0 

Dip  of  the  hor.  for  22  feet  =     4. 30  |  difference,  add         11.29. 

Apparent  altitude  of  the  sun's  centre  = 57 -51 '59'  S. 

Parallax  Ot5^  refrac.  0:35r,  diff.  =  0^30r  subtractive  =       0^30r 

Sun's  true  central  altitude  =       57^51^29:  S. 

Sim's  meridional  zenith  distance  == 32?  8'3K  N. 

Sun's  reduced  declination  = 8.    1.18    N. 

Latitude  of  the  place  of  observation  = 40?  9'49T  N. 

Example  2. 

September  21st,  1825,  in  longitude  60?  east,  the  meridian  .altitude  of 
the  sun's  lower  limb  was  56?26C  north,  and  the  height  of  the  observer's 
eye  above  the  level  of  the  sea  26  feet ;  required  the  latitude  of  the 
place  of  observation  ? 

Variation  of  the  sun's  declination  between  the  given  and  preceding 
noons,  the  longitude  being  east,  is  23^ 22T. 

Sun's  declination  at  noon  of  the  given  day,  per  Nautical 

Almanac  {decreasing)  = 0?43'34^  N. 

Propl.  part  to  long.  60?0^  and  var.  23!  Or  =  3^50r  Or 
Ditto      ...    60.0        ditto     0.22    =0.   3.40 

Correction  of  declination,  additive  =   .     .     .    3f53r40r  +  3^54r 
Sun's  reduced  or  corrected  declination  = 0?47'28r  N. 
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Observed  altitude  of  the  sun's  lower  limb  =       .     •     .     56?26'  0^  N. 
Sun's  semidiameter  15 '.58-'  dip  of  the  horizon  for  26 
feet  =  4:52r  diflrerence=        +  11^  6r 

Apparent  altitude  of  the  sun's  centre  =    .....     56?37^  6r  N. 
Parallax  O^Sr  refrac.  0:37^  diff.  =  0^32^  subtractive  =         0'32': 

Sun's  true  central  altitude  = 56?36:34r  N. 

Sun's  meridional  zenith  distance  =       33?23^26r  S. 

Sun's  reduced  declination  = 0. 47. 28    N. 


« 


Latitude  of  the  place  of  observation  = 32?35C58r  S. 


Problem  III. 

Given  the  difference  of  Longitude  between  two  Places,  both  under  the 
same  Parallel  of  Latitude  ;  to  find  their  Distance. 

Rule. 

To  the  logarithmic  co-sine  of  the  latitude,  add  the  logarithm  of  the 
difference  of  longitude,  in  miles ;  and  the  sum,  abating  10  in  the  index, 
will  be  the  logarithm  of  the  distance. 

Example. 

Required  the  distance  between  Portsmouth,  in  longitude  1?6'  west, 
Rnd  Green  Island,  Newfoundland,  in  longitude  55?35:  west,  their 
common  latitude  being  60?  47'  north  ? 

Long,  of  Portsmouth  ==  »     .     .       1?  6'  W. 
Long,  of  Green  Island  =      .     .     55. 35     W. 


IMfference  of  longitude  =      .     .     54?29^  =  3269  ms.  Log.  3. 614415 
Lrtitude  of  the  parallel=50M7 '  N.  Log.  co-sine  =     .    9. 800892 

Pwtanc^,  in  miles  =      •    .    .    2066.8  Log.  =       .    .    .    3.315307 
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fl 

Problem  IV. 

Given  the  Distance  between  two  Places^  both  under  the  same  Parallel  of 
Latitude  ;  to  find  their  Difference  of  Longitude. 

Rule. 

To  the  logarithmic  secant  of  the  latitude,  add  the  logarithm  of  the 
distance,  and  the  sum,  abating  10  in  the  index,  will  be  the  logarithm 
of  the  diflference  of  longitude. 

•  Example. 

A  ship  from  Cape  Clear,  in  latitude  51?25^  north,  and. longitude 
9?29'  west,  sailed  due  west  1040  miles ;  required  the  longitude  Rt  which 
she  then  arrived  ? 

Lat.  of  the  parallel  =     .     .    5 1  ?25 :     Log.  secant  =      .     10. 205057 
Distance  sailed  =       ...      1040  miles   Log.  =      .     •       3. 017033 


Difference  of  long.  =      .     .    27M8:  W.=  1667-  6  mUes  Log.3. 
Longitude  sailed  from  =     .      9. 29   W. 


vv<  >,• 


Longitude  arrived  at  =       .     37*?  17-  W. 

jVb/e. — The  above  two  Problems  are  essentially  useful  when  a  ship 
sails  upon  a  parallel  of  latitude ;  that  is,  when  she  steers  either  due 
east  or  due  west. 


Problem  V. 

Given  the- Latitudes  and  Longitudes  0f  two  Places;  iefimi  the  Cewrm 

and  Distance. 

Rule. 

From  the  logarithm  of  the  differenceof  longitude,  the  index  being 
augmented  by  10,  subtract  the  logarithm  of  the  meridional  difference 
of  latitude ;  the  remainder  will  be  the  logarithmic  tangent  of  the 
course  : — then,  to  the  logarithmic  secant  of  the  course,  thus  founds  add 
the  logarithm  of  the  difference  of  latitude,  and  the  fliim,  riMiting  10  in 
the  index,  will  be  the  logarithm  of  the  distance. 

s 

Example, 

Required  the  course  and  distance  between  Cape  Bajoli,  in  latitude 
40?3'  north,  longitude  3?52:  east,  and  Cape  Sicie,  in  latitude  43'^2^ 
north,  and  longitude  5?  58:  east  ? 
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Lat.  of  C.  BajoK  40?  3'.  N.    Mend.  pts.  2626. 6  Longitude  3?52:  E. 
Lat.  of  C.  8ide=43;  2    N.     Merid.  pta.  2865. 8  Longitude  5. 68    E. 

Diff.  of  latitude™  2?59:  Merid.  diflF.  lat.==239. 2    Diif.long.  2?  6( 


=  179  miles.  =126  miles. 

To  find  the  Course. 

Difference  longitude  126  miles  .     .     Logarithm  =  2. 100371 
Merid.' diff.  of  latitude  239  miles    .     Logarithm  =  2. 378398 


Course  N.  27?47'53r  E.  =    .     .     .  Log.  tang.  =  9.721973. 

To  find  the  Distance. 

Course  27  M7:53r       .    .     .    Log.  «ecant=     .     10.053254 
Difference  latitude=  1 79  miles  Logarithm  =      .       2. 252853 


Distance  in  miles  =  202.  3       Logarithm  =i       .       2. 306107 

Hence  the  true  course  is  N.27?47'53r  E.,  or  N.N.E.  ^  E.  nearly, 
and  the  distance  202i  niiles. 

Note. — ^The  true  course  is  to  be  reduced  to  the  magnetic  or  compas9 
course  by  Problem  V.,  page  576. 


Problem  VI. 

Given  the  LatUude  and  Longitude  of  the  Place  sailed  fromy  with  the 
Course  and  Distance  ;  to  find  the  Latitude  and  Longitude  of  the  Place 
cofne  to* 

Rule. 

To  the  logarithmic  co-sine  of  the  course,*  add  the  logarithm  of  the 
distance;  the  sum,  abating  10  in  the  index,  will  be  the  logarithm  of 
the  difference  of  latitude  ;  which  being  applied  to  the  latitude  left  by 
addition  or  subtraction,  according  as  the  latter  is  increasing  or  decreas- 
ing, the  sum,  or  difference,  will  be  the  latitude  come  to.  Now,  to  the 
logarithmic  tangent  of  the  course,  add  the  logarithm  of  the  meridional 


*  The  oonne  steered,  per  compau,  is  to  be  reduced  to  the  tnie  course  by  KnUAV  VJ^ 
page  577* 
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difference  of  latitude ;  the  Bum,  abating  10  in  the  index^  will  be  die 
logarithm  of  the  difference  of  longitude ;  which  being  applied  by  addi^ 
tion  or  subtraction  to  the  longitu4e  left,  according  aa  the  latter  is  in* 
creasing  or  decreasing,  the  sum  or  difference  will  be  the  longitude 
come  to. 

Example  L 


A  ship  from  Cape  Ortegal,  in  latitude  43?47 -N.  and  longitude  7-^* 
W.,  sailed  N.W.  ^N.  560  miles  ;  required  the  latitude  and  longitude 
of  the  place  come  to  ? 

To  find  the  Difference  of  Latitude. 

Course  steered  s=  3^  points  ....     Log.  co-sine  =  9.888185 
Distance  sailed  560  miles      ....    Logarithm  =     2. 748188 


Difference  of  latitude  432. 8  miles       .     Logarithm  =    2. 636373 

To  find  the  Latitude  come  to. 

Latitude  of  Cape  Ortegal  4d?47-   N.    Meridional  parts    .  2927.8 
Diff.  of  lat.  432. 8  N.  =      7-13    N. 


Latitude  come  to  .     .     .  61?  0'  N.    Meridional  parts    •  3568.8 


Meridional  difference  of  latitude  = 641.0 

To  find  the  Difference  of  Longitude^  and  hence  the  Longitude  come  to. 

Course  steered  =         ....         3i  points.    Log.  tang.=9. 9141/3 
Meridional  difference  of  latitude=641  miles.        Logarithm=2. 806858 


Difference  of  long.  =  8?46 1  W.=526  miles.        Logarithm=2. 721031 
Long,  of  C.  Ortegal=7. 49   W. 


Long,  come  to  =     .  16?35'  W. 

Remarks. — When  a  ship  decreases  her  latitude ;  that  is,  when  the 
difference  of  latitude  made  good  is  of  a  different  name  to  the  latitude 
sailed  from ;  then,  if  the  difference  of  latitude,  expressed  in  degrees, 
be  greater  than  the  latitude  left,  their  difference  will  be  the  latitude 
come  to;  which  will  be  of  a  contrary  denomination  to  that  sailed 
from ;  because,  in  this  case,  it  is  evident  that  the  ship  must  have  crossed 
the  Equator. 

And,  when  a  ship  decreases  her  longitude  j  that  is,  when  the  dif- 
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ference  of  longitude  made  good  is  of  a  contrary  name  to  the  longitude 
Bailed  firom ;  then,  if  the  difference  of  longitude,  expressed  in  degrees, 
be  greater  than  the  longitude  left,  their  difference  will  be  the  longitude 
come  to;  which  will  be  of  a  contrary  name  to  that  sailed  from;  be- 
cause, in  this  case  the  ship  will  have  crossed  the  meridian  whence  the 
longitude  is  reckoned. 

Again. — ^When  a  ship  increases  her  longitude;  that  is,  when  the 
difference  of  longitude  made  good,  expressed  in  degrees,  is  of  the  same 
name  with*  the  longitude  sailed  from,  their  sum  will  be  the  longitude 
come  to;  but,  if  this  sum  exceeds  180  degrees,  then,  its  difference  to 
360  degrees  will  express  the  longitude  come  to,  which  will  be  of  a  con- 
trary denomination  to  that  sailed  from ;  for,  in  this  case,  also,  the  ship 
will  have  crossed  the  meridian  that  the  longitude  was  reckoned  from  : 
—see  Problems,  Rules,  and  Remarks,  between  pages  211  and  217* 

Example  2. 

A  ship  from  the  Island  of  Annabona,  in  latitude  1  ?23^  S.,  and  longi- 
tude 5?34:  E.,  sailed  W.N.W.  546  miles;  required  the  latitude  and 
longitude  of  the  place  at  which  she  arrived  ? 

To  find  the  Difference  of  Latitude. 

Course  steered  =  6  points    ....     Log.  co-sine  =     •    9. 582840 
Distance  sailed  546  miles     ....     Logarithm  =  .     •    2*737193 


Difference  of  latitude  208. 9  miles  =       Logarithm  =  .     .    2. 320033 

To  find  the  Latitude  come  to. 

Latitude  sailed  from  =     .     .     1?23'  S.      Merid.  parts  =  .     .83.0 
liff.  lat.  =  206. 9  miles  =    .    3. 29    N. 


Latitude  come  to  =      .     .     .    2?  6!  N.     Merid.  parts  =  .     .  126.0 


Meridional  difference  of  latitude  r=i 209. 0 

To  find  the  Difference  of  Longitude,  and  hence  the  Longitude  come  to. 

Course  steered  =        ....        6  points.     Log.  tang.=  10. 382776 
Meridional  di^Terence  of  lat.  =       209  miles.      Logarithm  =  2. 320146 


Diff.  of  long.  =       8?25  r  W.  =  504. 6  miles.     Logarithm^  2. 702922 
Long,  sailed  from   5.34   E. 

Long,  come  to=s     2?51 '  W. 

Hence,  the  latitude  come  to  is  3?6^  N.  and  the  longitude  2?51 '.  W. 


»*»f 
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Example  3.  ^ 

A  ship  from  Pitt's  Island,  in  latitude  2?54^  N.  and  longitude  174r30: 
E.  sailed  S.  E.  by  E.  \  E.  760  miles ;  required  the  latitude  and  longi- 
tudes of  the  place  at  which  she  arrived  ? 

To  find  the  Difference  of  Latitude. 

Course  steered  =     5^  points.     Log.  co-sine  ==9. 673387 
Distance  sailed  760  miles.  Logarithm  =  2. 880814 

Diff.  of  lat.s»358. 4  miles.  Logarithm  =   2. 654201 

To  find  the  Latitude  come  to. 

Latitude  sailed  from  s      2?54'  N.     Merid.  parts  ^      174. 1 
Diff.  of  lat.  858. 4  miles-is.  58    S. 


Latitude  come  to  =       .    8?  4C  S.     Merid.  parts  =     184. 1 
Meridional  difference  of  latitude  =: 358. 2 

To  find  the  Difference  of  Longitude,  and  hence  the  Longitude  come  to. 

Course  steered  =    •     »     .     •     5^  points.     Log.  tangent  =:=1 0.272043 
Meridional  diff.  of  lat.  =     358. 2  miles.       Logarithm  =       2. 554126 

Diff.  of  long,  made  good  » 1 1  ?  10^  E.  »  670  miles.    Log.  s  2. 896169 
Longitude  sailed  from  =  174. 30    E. 

Sum=  ]85°40^  E. 


Longitude  come  to=    .     174?2p^  W. 

Hence,  the  latitude  come  to  is  3MC  S.,  and  the  longitude  174*20'. 
west. 


Problem  VIL 

Givm  both  Laiitudes  and  the  Course ;  to  find  the  Distance  Sailed  and 

the  Longitude  come  fo. 

Rule. 

To  the  logarithmic  secant  of  the  course,*  add  the  logarithm  of  the 
difference  of  latitude ;  the  sum^  abating  10  in  the  index^  will  be  the 
1  ogarithm  of  the  distance. — Then, 


*  The  course  steered,  per  compass,  is  to  be  reduced  to  the  tnie  coorte  by  Frobkini  VI. 
page  577. 
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To  the  logarithmic  tangent  of  the  course,  add  the  logarithm  of  the 
meridional  difference  of  latitude;  the  sum^  abating  10  in  the  index, 
will  be  the  logarithm  of  tlie  difference  of  longitude ;  which  being  ap- 
plied to  the  longitude  left  by  addition  or  8ubtractioU|  according  as  it 
is  increasing  or  decreasing,  the  sum  or  difference  will  be  the  longitude 
come  to. 

Example. 

A  ship,  from  a  place  in  latitude  3?4'  S.,  and  longitude  174^20'  W., 
sailed  N.  W.  by  W.  ^  W.  until  she  was  found,  by  observation,  to  be  in 
latitude  2? 54' N.$  required  the  distance  sailed,  and  the  longitude  at 
which  the  ship  arrived  ? 

Lat.  sailed  ftom  =     3?  4!  8.  Merid.  parts  =     184. 1  miles. 

Latitude  come  to  =:    2.54    N.  Merid.  parts  =     174.  1  miles. 

Diff.  of  latitude  =:       5?58:  =358  ms.     Merid.  diff.  lat.=358. 2  miles. 

To  find  the  Distance  Sailed. 

Course  3^        .     .     .     .     ;        5]^  points.     Log.  secant  =r=  10.820618 
Difference  of  latitude  =     .    858  miles.        Logarithm  »       2. 553883 


Distance  sailed «     .     .    759.  4  miles.        Logarithm  sr       2. 880496 

To  find  the  Difference  of  Longitude. 

Course  ^ 5^  points.     Log.  tangent  =  10. 2/2043 

Merid.  diff.  latitude  »  .    358. 2  Logarithm  «    .    2. 554126 


Difference  of  long;itude  =  670. 1  miles.       Logarithm  s    i    2. 826169 

Longitude  sailed  from  = 174?20'  W. 

Difference  of  longitude  made  good  670  miles  =     •     .     .       11. 10    W. 


Sum  =     185?30^  W. 


Longitude  cotne  to  = 174?30:  E. 

m 

iVbfe.<— The  three  last  Problems  comprehend  all  the  cases  that  usually 
occur  in  the  practical  part  of  Mercator's  sailitig ; — ^for  the  speculative 
cases,  see  pages  from  236  to  246,  inclusive. 


too  a  compsnoium  of  practical  navi0ation. 

Problem  VIII. 

To  find  the  Course ^  Distance y  Difference  of  Latitude ,  and  D^ff^erenct  oj 
Longitude  made  good  upon  compound  Courses^  and  also  the  Bearing 
and  Distance /rom  a  Ship  to  the  Place  to  which  she  is  bound,  viz.  :— 
To  make  out  a  Day's  Work  at  Sea. 

Rule. 

Make  a  Table  of  any  convenient  size^  and  divide  it  into  six  columns : 
— in  the  first  of  these  place  the  several  courses,  taken  from  the  log 
.  board  (corrected  for  lee-^vay,  if  any,  and  also  for  variation),  and  in  the 
second  place  tlieir  corresponding  distances. — ^The  third  and  fourth 
colunms  are  to  contain  the  differences  of  latitude,  and,  therefore,  to  be 
marked  N.  S.  at  top ;  and  the  fifth  and  sixth  the  departures,  or  meri- 
dian distances,  which  are  to  be  marked  at  top,  also,  with  the  letters 
E.W.— Now, 

Enter  the  general  Traverse  Table,  and  take  out  the  difference  of 
latitude  and  departure  answering  to  each  corrected  course  and  distance, 
and  place  them  in  their  respective  columns : — then,  the  difference  be- 
tween the  sums  of  the  N.  and  S.  columns  will  be  the  whole  difference 
of  latitude  made  good,  of  the  same  name  with  the  greater ;  and  the 
difference  between  the  sums  of  the  E.  and  W.  columns  %vill  be  the 
whole  departure  made  good,  of  the  same  name  with  the  greater  term. 

Remark. — ^The  courses,  taken  from  the  log  board,  are  to  be  cor- 
rected for  variation,  and  lee- way,  if  any,  in  the  following  manner,  viz. 

If  the  variation  be  easterly,  it  is  to  be  allowed  to  the  right  hand  of 
the  course  steered  by  compass ;  but  to  the  left  hand  if  it  be  westerly.* 
— ^And, 

If  the  larboard  tacks  be  aboard,  the  lee-way  is  to  be  allowed  to  the 
right  hand  of  the  course  steered  by  compass ;  but,  to  the  left  hand  if 
the  starboard  tacks  be  aboard. 

To  find  the  Course  and  Distance  made  good. 

From  the  logarithm  of  the  departure,  the  index  being  increased  by 
10,  subtract  the  logarithm  of  the  difference  of  latitude ;  the  remainder 
will  be  the  logarithmic  tangent  of  the  course. — Then, 

To  the  logarithmic  secant  of  the  course,  thus  found,  add  the  lo- 
garithm of  the  difference  of  latitude,  and  the  sum,  abating  10  in  the 
index,  will  be  the  logarithm  of  the  distance. 


*  See  Problem  YI.*  page  577. 
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To  fiud  the  Latitude  in,  by  Account,  or  Dead  Reckoning. 

If  the  difference  df  latitude,  and  the  latitude  of  the  place  from  which 
the  ship's  departure  was^  taken,  or  the  yesterday's  latitude,  be  of  the 
same  name ;  their  sum  will  be  the  latitude  in,  by  account :  but  if  of 
contrary  names,  their  difference  will  be  the  latitude  in,  of  the  same 
name  with  the  greater  term. 

To  find  the  Difference  of  Longitude ;  and  thence  the  Longitude 

come  to. 

To  the  logarithmic  tangent  of  the  course  made  good,  add  the  lo- 
garithm of  the  meridional  difference  of  latitude  (by  observation) ;  the 
sum,  abating  10  in  the  index,  will  be  the  logarithm  of  the  difference 
of  longitude. — Now,  if  the  difference  of  longitude,  and  the  longitude  of 
the  place  from  which  the  ship's  departure  was  taken,  or  the  yesterday's 
longitude,  be  of  the  same  name ;  their  sum  will  be  the  longitude  in,  by 
account,  when  it  does  not  exceed  180  degrees ;  otherwise  it  is  to  be 
taken  from  360  degrees,  and  the  remainder  will  be  the  longitude  in,  of 
m  contrary  name  to  that  left  :^— but,  if  the  difference  of  longitude,  and 
the  longitude  left  be  of  contrary  names,  their  difference  will  be  the 
loDgiUide  come  to,  of  the  same  name  with  the  greater  term. 

To  find  the  Bearing  and  Distance  of  the  Ship  to  the  Port,  or  Place  to 

which  she  is  Bound. 

From  the  logarithm  of  the  difference  of  longitude  between  the  ship 
and  the  place  to  which  she  is  bound,  the  index  being  increased  by  10, 
subtract  the  logarithm  of  the  meridional  difference  of  latitude ;  the  re- 
mainder will  be  the  logarithmic  tangent  of  the  course.  Then, — ^To 
the  logarithmic  secant  of  the  course,  thus  found,  add  the  logarithm  of 
the  difference  of  latitude,  and  the  sum,  rejecting  radius,  will  be  the 
logarithm  of  the  distance. 

JVb/tf.— The  true  bearing,  or  course  thus  found,  may  be  reduced  to 
the  magnetic,  or  compass  course,  if  necessary,  by  allowing  the  value  of 
the  variation  to  the  right  hiuid  thereof  if  it  be  westerly ;  but,  to  the 
left  hand,  if  easterly  : — this  being  the  converse  of  reducing  the  course 
steered  by  compass  to  the  true  course.* 

And  tliis  rule  comprises  the  substance  of  that  nautical  operation, 
which  is  generally  termed  making  out  a  day's  work  at  sea. 


•  See  Problem  V.,  page  576. 
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Example  L 

A  ship  from  Cape  Espichell,  In  latitude  38*25'  N.  and  longitude 
9?13r  W.  bound  for  Porto  Santo,  in  latitude  38?8:  N.  and  longitude 
16?  17'  W.^  by  reason  of  contrary  winds  was  obliged  to  saSl  upon  the 
following  courses :  tIz.  (with  the  larboard  tacks  aboard),  W.  by  S.  66 
miles;  N.  W.  by  W.  1 10  miles  j  W.  N.  W.  95  milea  (and  then  with  the 
starboard  tacks  aboard)  ;  S.  by  E.  i  E.  50  miles ;  S.  by  W.  }  W.  103 
miles  ;  and  S.  S.  W.  116  miles,  when  she  was  found  by  observation  to 
be  in  latitude  34?17'  N.  and  longitude  13?42:  W.;  the  lee-way  on 
each  of .  the  courses  was  about  half  a  point ;  the  variation  was  two 
points  westerly  on  the  three  first  courses,  and  1}  point  on  the  three 
last ;  required  the  true  course  and  distance  made  good  j  the  latitude 
and  longitude  at  which  the  ship  arrived  by  account ;  and  the  direct 
course  and  distance  between  her  true  place,  by  observation,  and  the 
port  to  which  she  is  bound  ? 


• 

Tbaybbsb  Table. 

• 

Corrected 
Courses. 

Dis- 
tances. 

Difference  of  Latitude. 

Departure. 

.   N. 

S. 

E. 

W. 

S.W.b.W.iW. 

W.byN.JN. 

W.4N. 

S.E.iS. 

S.iE. 

S.^E. 

'      56 

110 

95 

50 

103 

116 

31.9 
9.3 

26.4 

37.0 
102.5 
115.9 

33.6 
10. 1 

5.7 

49.4 

105. 3* 

94.5 

41.2 
Diff.  lat. 

281.8 
41.2 

49.4 
Departure 

249.2 
49.4 

240.6 

199.8 

To  find  the  Course  made  good. 

Departure  ==        199. 8  miles.     Logarithm  =  2. 300596 

.     .    240. 6  miles.    Logarithms  2.381296 


Difference  of  latitude  = 


Course  made  good  S.  39?42^25r  W. 


Log.  tang.  =  9. 919300 


To  find  the  Distance  made  good. 

Course  made  good  -      S.  d9?42^25r  W.    Log.  secant  = 
Difference  of  latitude  =       240. 6  miles.        Logarithm  -= 

■ 

Distance  made  good  ss      312. 7  miles.        Logarithm  = 


10. 113892 
2. 381296 

2.495188 
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Hence,  the  ooorse  made  good  is  8.  39?42l25r  W.  or  S.  W.  i  S. 
nearly,  and  the' distance  313  miles  nearly. 

To  find  the  Latitude  and  Longitude  come  to  by  Account,  or  Dead 

Reckoning. 

Latitade  sailed  from  3e?26^N.       .    .    38?35^N.M.pts.=:2500.1  ms. 
Dlff.oflat.made 
good»240.6  ni8.«>  4?  1 1 8. 

Lat.cometobyacc.s=x34?a4r  N.  By  ob.==34?  17'  N.M.pU.rB3192.0ms. 

Meridional  difference  of  latitude  by  observation  =     •     .     .    306. 1  ms. 

Meridional  difference  of  lat.  =     306. 1  miles.    LogBrithm=2. 488092 
Coarse  made  good »     .    8.39?^^25rW.        Log.  tang.  =9. 919300 

Diff.  of  long,  made  good  =     4?  16:  W.  =  255. 8  ms*    Log.a.2. 407M2 
Longitude  sailed  from  =        9.13  W. 

Long,  come  to  by  acct.  =     13?29'  W. 

To  find  the  Course  and  Distance  from  the  Ship  to  her  intended  Port. 

Lat.  of  ship  by  ob.=34?17:  N.  Mer.  pts.=2192.0  Long.=13?42^  W. 
Lat.  of  Porto  Santo=33.   3    N.  Mer.  pts.=21 03.1  Long.  =  16.1/   W. 

Diff.  of  latitude  =         1  ?  14  ^     Mer.  diff.  lat.     88.9  Diff. long.  2?3.5 '. 

=  74  miles.  =  135  miles. 

Difference  of  longitude  =   .     .     155  miles.  Logarithm  =      2. 190332 
Merid.  diff.  latitude  »       .     .    88. 9  miles.  Logarithm  »       1 .  948902 

Course  = 8.  GO'idi 491  W.    Log.  tangent  =  10.241430 

Course  = S.  60°9:49rW.    Log.  secant  =  10.303185 

Difference  of  latitude  74  miles.      .     .     .     Logarithm  =       1. 869232 

Distance  =  .     .     14a  7  miles.       .     .     .     Logarithm  =      2.172417 

Hence,— The  course  made  good  is  S.  39?42^25'r  W.  or  S.W.  i  S.  nearly. 

Distance  made  good  = 313  miles. 

Latitude  come  to  by  account  =  .  .  34?24'  N. 
Latitude  by  observation  =  .  .  .  •  34?17'  N. 
Longitude  come  to  by  account  =  •  .  13?29'  W. 
Longitude  by  observation  =  .  .  .  13?42^W« 
Porto  Santo  bears  S.  60?9:49nV.  or  S.W.  by  W.  J  W.  nearly. 
Distant     •    •    •    •    149  miles. 
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Noie.'^lf  the  variation  be  one  point  and  three-quarters  west,  the 
ship  must  steer  W.  b.  S»,  by  compass. 

Example  2. 

A  ship  from  Port  Royal,  Jamaica,  in  latitude  17*53'  N.,  and  longi« 
tude  76^53^  W.,  got  under  weigh  for  Hayti,  St.  Domingo,  in  latitude 
18?30:  N.,  and  longitude  69?49:  W.,  and  sailed  upon  the  following 
courses ;  viz.,  S.  40  miles,  S.  E.  b.  S.  97  niiles,  N.  b.  E.  72  miles, 
S.  £.  I S.  106  miles,  N.  b.  E.  ^  E.  1 14  miles,  S.  E.  126  miles,  N.  N.  E. 
86  miles ;  and  then  by  observation  was  found  to  be  in  latitude  16fa5' 
N.,  and  longitude  72!30^  W. ;  (he  lee- way  on  each  of  those  courses 
was  a  quarter  of  a  point  (the  wind  being  between  S.  E.  b.  E.  |  E.  and  , 
E.  b.  N.^  N.),  and  the  variation  of  the  compass  half  a  point  easterly ;  re- 
quired the  true  course  and  distance  made  good,  the  latitudeand  longi- 
tude at  which  the  ship  arrived  by  account,  with  the  direct  course  and 
distance  between  her  true  place  by  observation  and  the  port  to  which 
she  is  bound  ? 


Traverse  Table. 


Corrected 
Courses. 


Dis- 
tances. 


S.fW.  I 

N.b.E.  J  E. 
S.S.E.}  £• 
N.b.E.}E. 
S.E.}S. 

N.Nj;.tE. 


40 
97 

n 

106 
114 
126 

86 


Difference  of  Latitude. 


N. 


69.8 
107.3 


254.8 


Diff.  of  Lat.       66. 3 


S. 


39.6 

87.7 

92.6 

ior.2 


321.1 
254.8 


Departure. 


E. 


41.5 
17.5 
55.5 
38.4 
75.1 
36.8 


264.8 
5.9 


258. 9  = 


W. 


5.9 


- 


5.9 


Departure. 


To  find  the  Course  made  good. 

Departure  =     .    .    .     .    258. 9  miles.    Log.  = 
Difference  of  latitude  =  .      66. 3  miles.     Log.  =: 


Course  = 


2.413132 
1.821514 


*       11 


.    .    S.  75?38^  lOr  E.     Log.  tangent  =     10. 591618 
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To  find  the  DisUince  made  good. 

Course  made  good  =     .    S.  75?38:  lOr  E.     Log.  8ecant=   10. 605409 
Diiference  of  latitude  =         66. 3  miles.         Log.  =     .     .     1.821514 


Distance  =      .     .     .     .      267. 3  miles.        Log.  z=     .     .    2. 426023 

To  find  the  Latitude  and  Longitude  come  to  by  Account,  or  Dead 

Reckoning. 

Lat.  sailed  from=  17?58^N.  .     .     17?58'N.  Mer.pts.=1096. 1  miles. 
Diff.  of  hit.  made 

good 66. 3  miles  =  1.   6  S. 


Latcometobyacc.  16?52:N.Byob8.16?55:N.  Mer.pts.=1030. 1  miles. 


Meridional  difference  of  latitude,  by  observation  =        .         66. 0  miles. 

Meridional  difference  of  latitude  =66  miles.  Log.  =      .     .     1.819544 
Course  made  good  =      .     S.  75?38'  lOr  E.  Log.  tangent^s  10. 591618 

Differenceof  long. made  good=4?18:E.=257.7 miles.  Log.=2. 411162 
Longitude  sailed  froin  =    .    ^%.  53  W. 


Long,  come  to  by  account  =  72°35'W. 

To  find  the  Course  and  Distance  from  the  Ship  to  her  intended  Port. 

Lat.of8hipbyobs.=16?55fN.  Merid.pts.=1030. 1  Long.=72?30:W. 
Lat.  of  Hayti  =        18.30  N.  Merid.pts.=1129.8  Long.=69.49  W. 


Diff.  of  latitude  =       1  ^35 :       Mer.  diff.  lat.=99. 7  Diff.long.  2?41  C 


=  95  miles  =  161  miles. 

Difference  of  longitude  =       .         161  miles.    Log.  =       .  '  2.206826 
Meridional  difference  of  latitude =99. 7  miles.   Log.  =       .     1. 998695 


Course  = N.  58913:55^  E.    Log.  tang.  =  10. 208131 

Course  =     .....     N.  58?13^55rE.     Log. secant=  10;  27861/ 
Difference  of  latitude  =      .     .     95  miles.         Log.  =   .     .     1.977724 


Distance  = 180. 4  miles.        Log.  =    .     .    2.256341 

z  z 


706*  A  0Olf9«KOIUM   OF  PHAOTieAL   NATieATION. 

Hence,— The  course  made  good  is  S.  75?38^  lOrE.,  or  E.  b.  S.tS.ncariy. 
Distance  made  good  = 267t  miles- 
Latitude  come  to,  by  account  =      .     16° 52'  north. 
Latitude  by  observation  =      .     .     .     16?55'  north. 
Longitude  come  to,  by  account  =    .     72^35'  west. 
Longitude,  by  observation  =       .     •     72^30' west. 

The  true  course  from  the  ship  to  Hayti  is  N.  58?13'5S^  E.,  or 
N.  E.  b.  E.  J  E.  nearly. 

The  course,  by  compass,  is  N.  E.  f  E. 

And  the  distance  \80i  miles  nearly. 

Note. — For  the  method  of  making  out  a  day's  work  by  uijpec/joa, 
see  Problem  IX.,  page  249. 


OF  THE  LOG-BOOK. 

A  Log-Book  is  a  true  and  correct  register  of  all  the  various  transac* 
tions  which  happen  on  board  of  a  ship,  whether  at  sea  or  in  harbour : 
such  as,  coming  to  an  anchor,  getting  under  weigh,  loosing  or  furling 
trails,  mooring  or  unmooring,  making  or  shortening  sail,  mustering  at 
quarters  or  by  divisions,  exercising  great  guns  and  small  arms,  &c.  &c. 
&c.     This  book  should  be  a  faithful  transcript  of  the  log-board. 

The  sea  day,  like  the  civil,  begins  at  midnight  in  the  Royal  Navy, 
and  ends  at  the  midnight  following  :  it  is,  however,  divided  into  two 
parts,  each  consisting  of  12  hours.  The  first  12  hoi^rs,  or  those  con- 
tained between  midnight  and  noon,  are  denoted  by  a.m.,  which  sig-' 
nifiea  ante  meridiem,  or  be/ore  mid-day  ;  and  the  other  12  hours,  or 
those  from  noon  to  midnight,  are  denoted  by  p.  m.,  which  signifies  post 
meridiem,  or  after  mid-day.  The  reckoning,  however,  is  kept  from 
noon  to  noon,  the  same  as  in  the  merchant-service. 

When  a  ship  is  bound  to  a  distant  port  or  place,  the  bearing  and 
distance  of  that  port  or  place  must  be  previously  computed,  by  Problem 
v.,  page  694.  The  bearing  or  true  course,  thus  determined,  must  be 
reduced  to  the  compass  course,  by  applyiug  the  variation  to  the  right 
hand  thereof  if  it  be  westerly,  but  to  the  left  hand  if  easterly  : — (see 
Problem  V.,  page  576).  If  islands,  capes,  or  head-lands  intervene,  it 
will  be  necessary  to  find  the  several  courses  and  distances  between  each 
successively ;  making  proper  allowance  for  the-  variation. 

At  the  time  of  leaving  the  land,  the  bearing  of  some  point  or  place 
is  to  be  carefully  observed,  whose  latitude  and  longitude  are  known ; 
whichj  together  with  the  estimated  distance  of  the  ship  from  such  point 
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or.  place,  is  to  be  noted  down  on  the  log-board.    This  is  called  taking 
a  departure. 

As  the  distance  inferred  from  estimation  is  very  susceptible  of  error, 
particularly  in  hazy  weather,  or  when  that  distance  is  considerable^  it 
will  be  advisable  to  make  use  of  the  following  method  in  taking  a 
departure  ;  viz.,  Let  the  bearing  of  some  well-known  place  be  observed^ 
and,  when  the  ship  has  run  a  convenient  distance,  on  a  direct  course, 
let  the  bearing  of  the  same  well-known  place  be  again  observed ;  then 
there  will  be  a  triangle  formed,  in  which  there  is  one  side  given  :  that 
is,  the  distance  sailed  between  the  times  of  observation,  and  all  the 
angles,  to  find  the  distance  between  the  ship  and  the  place  observed. 
This  may  be  done  by  Problem  I.,  Oblique  Sailing,  page  256 ;  or  it  may 
be  very  readily  determined  by  means  of  a  good  chart.  In  like  manner 
may  a  departure  be  taken  from  a  light-house  at  night. 

In  making  out  the  first  day's  work  after  leaving  the  land,  especial 
care  must  be  taken,  in  setting  down  the  bearing  and  distance  of  the 
departure  in  a  traverse  table,  to  make  use  of  the  opposite  point  of  the 
compass  to  that  bearing  ;  and,  also,  to  make  due  allowance  for  the  varia- 
tion. Thus,  if  the  object  from  which  the  departure  was  taken  bore 
N.  E.  b.  E.,  and  the  variation  of  the  compass  be  2  points  westerly, 
then  the  true  course  for  the  traverse  Table  is  S,  W.  b.  S.  5  abreast  of 
which,  in  the  proper  column,  is  to  be  placed  the  estimated  or  com- 
puted distance. 

The  course  steered,  is  indicated  by  the  compass  ;  the  distance  sailed, 
in  a  given  time,  is  determined  by  the  log-line  and  the  half- minute  or 
quarter*minute  glass.  In  Her  Majesty's  Royal  Navy,  the  log  is  hove 
once  in  every  hour ;  and  so  it  is  on  board  ships  belonging  to  the  East 
India  Company. 

The  several  courses  and  distances  sailed  during  the  interval  of  24 
hours,  or  from  noon  to  noon,  together  with  all  the  remarks  and  occur- 
rences that  are  worthy  of  notice,  are  generally  marked  down  with 
chalk  on  a  board,  painted  black,  called  the  log-board.  This  board  is 
usually  divided  into  six  columns :  the  first  column  on  the  left  hand 
contains  the  hours  from  noon  to  noon,  viz.,  from  noon  to  midnight, 
and  then  from  midnight  to  noon ;  the  second  and  third  columns  con- 
tain the  knots  and  fathoms  sailed  every  hour ;  the  fourth  contains  the 
courses  steered  ;  the  fifth  the  winds  3  and  in  the  sixth  the  various  re- 
marks are  written, — such  as,  the  state  of  the  weather,  the  sails  set  or 
taken  in,  the  observations  for  ascertaining  the  ship's  place,  the  varia- 
tion  of  the  compass,  and  whatever  else  may  be  deemed  necessary.  The 
log-board  is  transcribed  every  day  at  noon  (under  the  direction  of  the 
Master),  into  the  log-book,  which  is  divided  into  columns  exactly  in 
the  same  manner. 

z  z2 
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The  form  of  the  log-book  which  is  now  made  uiie  of  in  the  Royil' 
Navy,  will  be  shown  presently. 

The  courses  steered  must  be  corrected  for  the  variation  of  the  com- 
pass, and  also  for  lee-way,  if  any.  If  the  variation  be  westerly^  it  must 
be  allowed  to  the  left  hand  of  the  course  steered  ;  but  if  easterly,  to 
the  right  hand  thereof,  in  order  to  obtain.the  true  course. — See  Problem 
VI.,  page  577. 

The  lee-way  is  to  be  allowed  to  the  right  hand  of  the  course  steered, 
}t  the  larboard  tacks  be  on  board ;  but  to  the  left  hand,  if  the  starboard 
tacks  be  on  board. 

The  variation  of  the  compass  should  be  determined  twice  a  day  (every 
morning  and  evening),  if  possible.  The  method  of  doing  this  is  shown 
in  the  several  problems  contained  between  pages  565  and  577- 

With  respect  to  the  lee-way,  its  nature  or  effect  may  be  thus  ex- 
plained : — 

When  a  ship  is  close-hauled,  and  the  wind  blowing  fresh,  that  part 
of  the  wind  which  acts  upon  the  hull  and  rigging,  together  with  a  Con- 
siderable part  of  the  force  which  is  exerted  on  the  sails,  tends  to  drive 
her  immediately  from  the  direction  of  the  wind,  or,  as  it  is  termed,  to 
lee-ward.  But  since  the  bow  of  a  ship  exposes  less  surface  to  the 
water  than  her  side,  the  resistance  will  be  less  in  the  first  case  than  in 
the  second ;  the  velocity*,  therefore,  in  the  direction  of  her  head,  will, 
in  most  cases,  be  greater  than  in  the  direction  of  her  side ;  and  the 
ship's  real  course  will  be  between  those  two  directions.  Hence  the 
angle  contained  between  the  line  of  the  ship's  apparent  course  and  the 
line  she  actually  describes  through  the  water,  is  termed  the  anffle  of 
lee-way i  or,  simply,  the  lee-way. 

The  angle  of  lee -way  that  a  ship  makes  may  be  very  readily  deter- 
mined in  the  following  manner ;  viz..  Draw  a  semi-circle  on  the  taff- 
rail,  with  its  diameter  at  right  angles  to  the  ship's  keel,  and  its  circum- 
ference divided  into  points  and  quarter-points  ;  then  let  the  angle  be 
observed  which  is  contained  between  the  semidiameter  pointing  right 
aft,  or  parallel  to  the  keel,  and  that  which  points  in  the  direction  of 
the  wake,  and  it  will  be  the  lee-way  required.  Or,  after  heaving  the 
log,  if  the  line  (before  it  is  drawn  in)  be  applied  to  the  centre  of  the 
«emi-circle,  the  points  and  quarter-points  contained  between  its  direc- 
tion and  the  fore  and  aft  radius  of  the  semi-circle  will  be  the  lee-waVi 
as  before. 

Many  writers  on  navigation  have  given  1-ules  for  ascertaining  the 
quantity  of  lee-way  wliich  a  ship'  makes,  independent  of  observation. 
These  are  as  follow;  viz., 

« 

1.  When  a  ship  is  close-hauled,  has  all  her  sails  set,  the  water  smooth. 
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with  a  light  breeze  of  wiad^  she  is  then  supposed  to  make  little  or  no 
lee-way. 

2.  Allow  one  point  when  the  top-gallant-sails  are  handed. 

3.  Allow  two  points  when  under  close-reefed  top-sails. 

4.  Allow  two  points  and  a  half  when  one  top-sail  is  handed. 

5.  Allow  three  points  and  a  half  when  both  or  the  three  top-sails  are 
handed. 

6.  Allow  four  points  when  the  fore-sail  or  fore-course  is  handed^ 
7«  Allow  five  points  when  under  the  main-sail  or  main-course  only. 

8.  Allow  six  points  when  under  a  balanced  mizen. 

9.  Allow  seven  points  when  under  bare  poles. 

As  these  rules  depend  entirely  upon  the  quantity  of  sail  set^  without 
any  regard  to  the  model  of  the  ship^  or  to  the  nature  of  the  way  in' 
which  she  may  be  trimmed  for  sailings  it  is  evident  that  they  are  far 
from  being  general,  and  that  they  are^  in  reality^  little  more  than  mere 
probable  conjectures.  But  since  the  accuracy  of  a  ship's  reckoning 
depends,  ia  some  measure^  upon  the  truth  of  the  lee- way,  it  ought  to 
be  deduced^  at  all  times,  from  actual  observation,  as  above  directed ; 
and  then  its  value  should  be  carefully  noted  down,  in  a  separate  column, 
on  the  log-board ;  so  that  all  concerned  may  be  thereby  enabled  to 
correct  the  courses  steered,  in  making  out  their  days'  works  at  noon. 

In  very  strong  gales,  with  acontrary  wind  and  a  high  sea,  it  is  not 
prudent  to  attempt  working  to  windward :  in  such  cases,  the  grand 
object  is,  to  avoid,  as  much  as  possible,  losing  ground,  or  being  driven 
back.  With  this  intention,  it  is  customary  to  lay. the  ship  to,  under 
no  more  sail  than  may  be  barely  sufficient  to  check  that  violent  rolling 
which  she  would  otherwise  acquire,  to  the  endangering  of  her  masts, 
yards,  and  rigging.  When  a  ship  is  brougbtto,  the  helm  is  kept  about 
three  parts  alee^  which  brings  her  head  gradually  round  to  the  wind. 
The  force  of  this  element  having  then  very  little  power  on  the  sails, 
the  ship  consequently  loses  her  way  through  the  water,  which  ceasing 
to  act  upon  the  rudder,  her  head  falls  off  from  the  wind ;  the  sail  which 
she  has  set  fills,  and  gives  her  fresh  way  through  the  water,  which, 
acting  on  the  rudder,  brings  her  head  again  gradually  round  to  the 
wind ;  and  thus  she  obtains  a  kind  of  vibratory  motion,  coming  up  to 
the  wind  and  falling  off  from  it  alternately. 

Ships  lie-to  under  different  sails,  according  to  circumstances ;  and 
one  Vessel  will  lie-to  considerably  better  under  some  particular  sail 
than  another.  But,  in  general,  a  close-reefed  main-top-sail  is,  perhaps^ 
the  most  eligible  sail  to  lie-to  under ;  because  of  its  being  nearly  over 
the  centre  of  motion,  and,  also,  because  of  its  elevated  position,  which 
renders  it  far  less  susceptible  of  being  becalmed  in  the  trough  of  the 
sea  than  either  the  courses  or  storm^stay-sails. 
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When  a  ship  is  Ijring-to^  obierve  the  points  of  the  compass  upon 
which  she  comes  up  and  falls  off,  and  take  the  middle  point  for  hm 
apparent  course  :  to  which  let  the  variation  and  the  lee- way  be  applied, 
and  the  true  course  will  be  obtained.  Thus,  suppose  a  ship  lying-to 
under  a  close*reefed  main-top-sail,  with  her  larboard  tacks  on  board, 
comes  up  S.  S.  W.,  and  falls  off  to  S.  W.  b.  W.  5  then,  allowing  the 
variation  to  be  If  point  west,  and  the  lee- way  to  be  2|  points,  the  course 
made  good  is  S.  W.  ^  W. :  for  the  middle  point  between  S.  8*  W.  and 
S.  W.  b.  W.  is  S.  W.  ^  S. ;  to  which,  1^  point  westerly  variation  being 
allowed  to  the  left,  and  2i  points  lee- way  to  the  rights  makes  the  trae 
course  S.  W.  i  W. 

The  setting  and  drift  of  currents,  with  the  heave  and  drift  of  the  set, 
should  be  set  down  as  courses  and  distances  upon  the  log-board  :  these 
are  to  be  corrected  for  variation  only. 

The  computation  made  from  the  several  corrected  courses,  and  their 
corresponding  distances,  is  called  a  day's  work ;  and  the  ship's  place, 
deduced  therefrom,  is  called  her  place  by  account,  or  dead  reckoning. 

If  the  course  and  distance  made  by  a  ship  could  be  correctly  a8oer« 
tained,  by  means  of  the  compass  and  the  log,  nothing  more  would  be 
necessary  in  determining  her  true  place  at  sea ;  for  the  absolute  course 
and  distance  being  known,  the  latitude  and  longitude  could  be  readily 
computed,  by  Problem  VI.,  page  605.  But,  in  consequence  of  the  ir- 
regularities to  which  the  heaving  of  the  log  is  subject,  particularly 
during  the  night,  with  many  unforeseen  and  unavoidable  causes,  such 
as  sudden  sqnalls,  imperfect  compasses,  unequal  care  in  the  helms* 
man,  inaccurate  allowances  for  variation  and  lee-way,  &c*  &c.,  the 
latitude  and  longitude  of  th^  ship,  as  inferred  from  dead  reckoning, 
will  very  seldom  agree  with  the  truth,  or  with  those  immediately  de- 
duced from  celestial  observation.  In  consequence  of  this  discrepancy, 
several  writers  on  navigation  have  proposed  to  apply  a  conjectural  cor- 
rection to  the  departure  or  meridian  distance,  in  order  to  find  the  true 
longitude.  Thus,  if  the  course  be  near  the  meridian,  the  error  is  wholly 
attributed  to  the  distance,  and  the  departure  is  to  be  increased  or  di- 
minished accordingly  ;  if  it  be  near  a  parallel,  that  is,  near  the  east  or 
west  point  of  the  compass,'  the  course  only  is  supposed  to  be  erroneous ; 
and  if  the  course  be  towards  the  middle  of  the  quadrant,  viz.,  near  four 
points,  the  assumption  is  that  both  course  and  distance  are  wrong. 
These  corrections,  being  computed  and  applied  according  to  the  rules 
given  by  different  authors,  will  generally  place  the  ship  upon  different 
sides  of  her  meridian  by  account :  hence,  since  the  corrections  arising 
from  these  rules  are  evidently  founded  upon  a  vague  kind  of  guess- work^ 
they  ought  to  be  absolutely  rejected. 

When  the  latitude  by  account  differs  froip  that  by  observation^  the 


A  eMtMNmUM  OF   ntACTICAL  NAVlOATIOy.  fll 

log^line  Md  balf-mfarate  glara  should  be  carefully  exauiined,  and,  if 
fionnd  errotitoaa,  the  distance  sailed,  as  indicated  thereby,  should  be 
corrected  accordingly,  by  the  Problems  given  for  that  purpose,  between 
pages  972  and  376.  If  the  corrected  distance,  thus  found,  with  the 
course,  does  not  produce  a  coincidence  in  the  latitudes  by  account  and 
observation,  the  mariner  should  then  consider  whether  the  variation 
has  been  properly  determined  and  allowed  upon  the  courses  steered  by 
comptos ;  if  not,  these  courses  are  to  be  again  corrected  ;  but  no  other 
alteration  whatever  should  be  made  in  them.  If  the  latitudes  by  ac- 
count and"  observation  be  still  found  to  disagree,  the  navigator  should 
next  consider  whether  the  ship's  place  has  been  affected  by  a  current 
or  by  the  heave  of  the  sea,  and  allow  for  their  course  and  drift  to  the 
best  of  his  judgment.  By  carefully  applying  these  corrections,  a  new 
difference  of  latitude  and  departure,  and  a  new  course  and  distance,  will 
be  obtained ;  which  will,  in  general,  produce  an  approximation  in  the 
latitudes :  beyond  this,  no  alteration  whatever  should  be  made  in  the 
departure  with  the  view  of  finding  the  longitude  by  a(*count. 

However,  since  there  are  many  mariners  who,  from  long- established 
practicej  are  not  willing  to  depart  from  the  conmion  system  of  correct- 
ing the  dead  reckoning  by  the  rules  laid  down  for  that  purpose  in  cer- 
tain Epitomes  of  Navigation ;  and  since  these  rules  are  exceedingly 
complicated,  and  admit  of  a  variety  of  caseSy  the  following  General  * 
Rule  is  given  for  the  use  and  guidance  of  such  persons,  which  reduces 
those  varioas  cases  into  one  very  concise  method,  and  thus  does  away 
with  the  necessity  of  consulting  several  complex  rules  before  the  de- 
sired correction  can  be  obtained. 

A  General  Rule  for  Correcting  the  Dead  Reckoning. 

Augment  the  distance  sailed  by  two-thirds  of  the  difference  between 
the  latitude  by  account  and  that  by  observation,  when  the  obser\xd 
latitude  is  before  or  ahead  of  that  by  account;  but  diminish  the  dis- 
tance sailed  in  the  same  proportion,  when  the  observed  latitude  is 
astern  or  behind  that  by  account.     Then, 

Enter  the  general  Traverse  Table  with  this  corrected  distance  and 
the  difference  oi  latitude  by  observation,  and  find  the  corresponding 
departure.  Now,  with  the  departure,  thus  found,  hi  a  latitude  column, 
and  the  middle  latitude  as  a  course,  find  the  corresponding  distance, 
and  it  will  be  the  corrected  difference  of  longitude. 

Example  1. 

Suppose  a  ship^  from  a  place  in  latitude  47M9-  N.  and  longitude 
9?29'W.,  auled  S.43?W.  IGOmiles^  and  then  finds  her  latitude  by 
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account  to -be  45°54!N.,but  by  obaervBtion  her 
N. ;  required  the  lougitiide  couie  to  by  account. 

Solution. ~-The  difTerence  between  the  latitiii 
by  observation,  is  15  miles;  the  two-thirdH  of  wh 
this  being  added  to  the  dititance  sailed,  because 
before  or  ahead  of  that  by  account,  makes  the  ( 
miles  :  M'ith  this  corrected  distance  and  the  di 
obaervHtion,  viz.,  3?]0'  or  130  miles,  the  corre 
the  general  Traverse  Table,  is  109. 3  miles.  Th 
in  a  latitude  column,  and  the  middle  latitude  (bet 
fi'om  and  that  arrived  at  by  observation),  viz.,  • 
difTerence  of  longitude  corresponding  thereto,  i 
the  top  or  bottom  of  the  page,  is  1 59  miles,  or  ! 
added  to  the  longitude  left,  shows  the  longitudf 
rived  to  be  12?8:  west. 

E^ampie  '2. 

Suppose  a  ship  from  Porto  Santo,  in  latitude  • 
16?17'.  W.,  sailed  N.  47°  E.  210  miles,  and  th 
account  to  be  35T26'  N.,  but  by  observation  hi 
35?8'  N. ;  required  the  longitude  come  to  by  acco 

Solution. — ^The  difference  between  the  latitu< 
by  observation,  is  )8  miles;  the  two-thirds  i 
Now,  this  being  subtracted  from  the  distance 
served  latitude  is  atiern  or  behind  that  by  accou 
distance  =  198  miles :  with  this  corrected  distan 
latitude  by  observation,  viz.,  2°5:  or  125  miles, 
parture,  in  the  general  Traverse  Table,  is  153 
this  departure,  in  a  latitude  column,  and  the  n 
the  latitude  sailed  from  and  that  fonie  to  by  obs 
as  n  course,  the  difference  of  longitude  correspo 
tancc  column  at  the  top  or  bottom  of  the  page, 
K. ;  which,  being  subtracted  from  the  longltn^ 
tude  at  which  the  ship  arrived  to  be  IS'^  12'  wei 

Jiemark. — Although  the  above  general  rule 
rcclioning  is  the  most  simple,  and,  perhaps,  tl 
that  liave  bi-en  i>s  yet  devised  for  that  purpcse, 
qucntly  found,  on  making  the  land  after  a  lung  vo 
deduced  therefrom  differed  teieral  degrtet  fron. 
evident,  notwithstanding  the  easy  and  specious  fe 
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that  the  prudent  mariner  will  do  well  to  be  extremely  cautious  in  ap- 
plying it  to  practice ;  uor  should  he  ever  place  any  manner  of  faith  in 
the  longitude  bo  deduced,  particularly  if  he  hna  been  any  considerable 
time  from  the  land.  From  this  it  is  manifest  thaC  the  navigator  should 
determine  the  longitude  of  his  ship,  as  often  as  possible,  both  by  the 
lunar  observations  and  by  a  chronometer ;  and  from  the  true  longitude, 
thus  found,  the  reckoning  of  thiH  element  is  to  be  carried  forward,  ill 
the  same  manner  as  that  of  the  latitude,  from  the  last  observation.  A 
separate  account,  hoivever,  should  be  kept  of  the  longitude  by  dead 
reckoning :  such  account  is  not  only  very  satisfactory,  but  it  often 
proves  highly  useful  as  a  reference ;  particularly  in  comparing  the  com- 
puted velocity  and  drift  of  a  current  witli  those  deduced  from  actual 
experiment. 


The  following  is  the  form  of  the  log*book  which  is  now  used  in  Her 
Majesty's  Royal  Navy,  and  from  which  we  will  make  out  a  practical 
day't  work. 

Loff-Sook  of  Hit  Majetty's  Ship ,  Wtdnesday  June  Ath,  1823. 


H. 

K 

P.   Couiwi. 

Wind.. 

No.  of 

Signal.. 

Remark*  and  Occuirencei. 

« 
9 
10 
11 
12 

S.E. 
S.E, 

A.M.     Modcrolo  brecKOt  inJ  haiy  weather. 

Al  4*30-  employed  waihing  dcc-ki. 

Ai  7«30-  unmoored  ship,  and  hove  ihorl  on  Ihe  bnt 
bower. 
At  SMO-  weighed  and  made  lail. 

At  noon  light  winds  and  hazy  weather. 

Conne. 

Diitancei 

Lat.  bf 

AcCOUQt. 

Latilude  by 
ObMrv-. 

!u™unt^ 

Virialioii  iBearingi  and 
at  Noon.    Diit.alNoon. 

34 '20-  S. 

1                      iCape  of  Good 
25''20'W.  Hoiie  E.  h.  S. 

1                      1     15  milea. 

1 

a 

3 

10 
11 
12 

5 

4 
1 
0 
2 

2 

0 
6 
0 

4 
6 

N.W.b.W 
N.W.  IW 

N.W.JW 

N.W. 

S.E. 
S.E. 

S.E. 

P.M.     MoJiralc  breezes,  with  thkk  huy  weather. 

At  2'30-  shook  a  reef  out  of  the  loij-sail»,  and  itt 
the  Mp-miiBt  and  top-gallanl  ntuilding-iaili, 

Al  5*  beat  to  quarter!,  and  exercised  great  gun* 

Al  Bi  fre«h  brcwei  wid  dnudy  weather. 

At  midnigtit  freih  br«eze>  and  clear  weather. 
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Liy-Book  i^fHia  Sfajetfy'i  Sh^  - 


,  Thuradajf,  June  5th,  1823. 


H. 

K 

y. 

Counei. 

WinJi. 

No-  of 

Remirki  and  Occunencea. 

10 
11 
\2 

li 

N.W. 

N.W.b.N 

S.E. 

S.E. 

S.E. 

A  K.    Freih  bretiei  md  cl««r  weather. 

At  4'  fine  clear  weather;  emiiloyed  waihiHB  dcdn. 
At  6'30«  ict  thi  lower  aludainB-Hils. 
At  BMn>  in  lower  iiudding-uUa. 

peo|.le'i  clolhmg. 
At  noon  freih  hrctiei  and  fine  clear  weather. 

Conm. 

DinutM. 

L.l.by 
Account 

OWrv.  |\cc<.uiit    obierr. 

Ung.  by 
CLron. 

Variation  iBearinp  ud 
atNooD.     DiatatNooD. 

N.  69  W. 

214  milci 

33°6'  S. 

3;i''l':(0"S.U"'24'E.  U"i8'E 

1»''24'  E. 

1    St.  Mfleni 

2:ri0' W.  N.  46"S1'W, 

Idisi.  1^03  nu. 

Note. — The  departure  is  taken  from  the  Cape  of  Good  Hope ;  and  as 
this  plare  bore,  at  noon,  E.  b.  S.  from  the  ibip,  distant  16  siilea,  the 
cotnpasB  beanng  or  coune  of  the  ship  from  the  Cape  was,  therefore* 
W.  b.  N.  Now,  the  variation,  2i  points  west,  being  aJlowed  to  the  left- 
hand  of  W.  b.  N.,  ahowB  the  tme  bearing  or  course  to  be  W.  b.  S.  \  S. 
The  other  couriies  are,  in  like  manner,  to  be  corrected  for  variation ; 
but  since  the  value  of  this  element  is  not  the  same  at  both  noons,  it  ia 
advisable  to  allow  25!20',  or  2^  points  west,  on  the  courses  in  the  first 
12  hours,  or  between  noon  and  midnight,  and  23?  10',  or  2  points  west, 
on  the  courses  in  the  other  12  hours,  or  between  midnight  and  noon ; 
then,  these  corrected  courses,  with  their  respective  distances,  being 
inserted  in  a  Traverse  Table,  after  the  following  manner,  the  difference 
of  latitude  and  departnre  corresponding  thereto,  with  the  course  and 
distance  made  good,  may  be  readily  determined  by  calculation.  Agreeably 
to  the  rule  given  in  Problem  VIII.,  page  700 ;  or,  perhaps  more  rea- 
dily, by  the  general  Traverse  Table. — See  Problem  II.,  page  108. 
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Travkrse  Tablk. 

Corrected 
Cuunea. 

DiatAoces 

Difference  of  Latitude. 

Departure. 

• 

N. 

S. 

E. 

W. 

W.b.8.^S. 

15 

J , , 

3.6 

^^^^ 

14.6 

W.  i  N. 

11 

1.6 

^ 

-^ 

10.9 

W.bJ^.JN. 

18 

4.4 

— 

— 

17.6 

W.b.N.iN. 

22 

6.4 

* 

21.1 

W.b.N.}N. 

37 

12.5 





34.8 

W.N.W. 

48 

18.4 

— 

— 

44.3 

N.W.b.W. 

68 

87.8 



— 

56.5 

81.1 

3.6 

199.7 

Diff.oflat. 

3.6 

Departurej^ 

0.0 

77.5 

199.7 

To  find  the  Course  and  Distance  made  good. 

The  difference  of  latitude  77-  &>  ^^d  the  departure  199. 7?  are  found 
to  agree  nearest  abreast  of  69  degrees^  and  under  or  over  214  miles 
distance. 

Hence  the  course  made  good  is  N.  G9?  W.>  or  W.  b.  N.  J  N.  nearly, 
and  the  distance  314  miles. 


To*  find  the  Latitude  and  Longitude  come  to  by  Account. 

Lat.  Cape  Good  Hope  34?23M0rS.  .  34^23r40rS.  Mer.pt8.=2200. 1 
Diff.  Lat.  77. 6  ms.    .     1 .  17. 30  N. 


Lat.  in  by  ace.  =      .  33?  6'.  lOrS.  By  ob.33?  4^30rS.Mr.p8.=2104. 9 


Meridional  difference  of  latitude^  by  observation  =    .     .     ,     .      95, 2 

[miles. 
Meridional  difference  of  latitude=s95. 2  miles  Log.  =:  .  1 .  978637 
Course  made  good  =s    .     .     .     .    N.  69?W.     Log.  tang.=  10. 415K23 


Diff.  of  long,  made  good  =      4?  8:  Or  W.=248ms.  Log.=;2. 394460 
Long,  of  C.  of  Good  Hope  =18?32U5r  E. 


Long,  come  to  by  ,acooant  a  14?34^  15?  E. 
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To  find  the  Course  and  Distance  from  tlie  Ship  to  St.  Helena. 

Lat.ofshipbyob8.33?  4:S.    Mcr.  pts.=2104.3      Loug.=  14''2S:  E. 
Lat.of  St.  Helena  15.55  S.     Mer. pts'.=  C67»5       Long.=:  5.44  \V. 

Diff.  oflat.=       .  17?  9'    Mer.diff,lat.=  1136.8    Diff.long.20?  12: 


=  1029  miles.  =  1212  miles. 

Difference  of  longitude  =   1212  miles.  Log.  =     .     •     3.063503 

Merid.  diff.  lat.  =      .     .     1 136. 8  miles.        Log.  =     .     .     3. 055684 


Course  =       .     .     .     .     N.  46?51 !  W.  Log.  tang.  =    10. 027819 

Course  =      .     .     .     .    N.  46?5I :  W.  Log.  secant  =  10. 165001 

Diff.  of  lat.  =      ....     1029  miles.        Log.=     .     ,     3.012415 


Distance  == 1505  miles.        Log.  =-     .     .     3.177416 

Hence,— The  course  made  good  is  N.e9?W.  or  W.  by  N.  }  N.  nearly. 

Distance  made  good  =s     •     .     .    214  miles. 

Latitude  come  to  by  account  =     33?  6^M)rS. 

Latitude  by  observation  =   •     .    33.   4. 30  S. 

Longitude  come  to  by  accounts  14.24. 15  E» 

Longitude  by  lunar  observation=14.28.   0  E. 

Longitude  by  chronometer  =      .  14.24.   0  E. 

Variation  at  noon  =      ....  23._10.   0  W.* 

St.  Helena  bears  N.  46?51  r  W.  or  N.W.  i  W.  nearly,  in- 
dependent  of  variation. 

Distant \     .     1505  miles. 


OF  THE  MEASURE  OF  A  KNCT  ON  THE  LOG  LINE. 

It  has  been  remarked,  page  272,  in  the  introduction  to  the  Problems 
for  correcting  the  distance  sailed  on  account  of  any  errors  that  may  be 
discovered  in  the  log  line  and  half-minute  glass,  that  the  distance  be- 
tween any  two  adjacent  knots  on  the  log  line  should  bear  the  same 


*  The  variation  of  the  coinpats  may  be  very  readily  determined  at  noon  (soff  cicntly  cor- 
rectly for  nautical  purpoaet,)  by  the  second  part  of  the  Rule  to  Problem  IV.,  page  574, 
reading  tun  instead  of  star  or  planet^  See  Note  at  bottom  of  page  575. 
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proportion  to  a  nautical  mile  that  half  a  minute  does  to  an  hour,  viz., 
the  one  hundred  and  twentieth  part ;  that  a  nautical  mile  contains  6080 
feet ;  and  that  this  number  divided  bjr'l20,  gives  the  true  measure  of  a 
knot,  viz.,  50  feet  and  8  inches. — But,  since  the  young  navigator  may 
be  desirous  of  being  made  acquainted  with  the  principles  upon  which 
this  measure  has  been  determined,  the  following  considerations  are, 
therefore,  submitted  to  his  attention  ;  which,  besides  satisfying  him  in 
that  particular,  may  do  something  towards  giving  him  a  just  idea  of 
the  true  figure  of  the  earth ;  without  which  idea  he  can  never  clearly 
comprehend  the  principles  upon  which  the  art  of  navigation  is  founded. 

The  earth  is  a  planet,  and  the  next,  in  the  solar  system,  above  Yenus.^ 
—Our  senses  assure  us  of  its  opacity ; — and  that  it  is  of  a  globular  or 
spherical  figure  will  appear  evident  from  the'argumciits  which  follow:-^ 

A  lunar  eclipse  is  occasioned  by  the  moon's  passing  through  the 
earth's  shadow ;  and  since  this  shadow,  when  projected  on  the  lunar 
disc,  is  obserV'Cd  to  be  always  circular  in  every  different  position  of  the 
earth,  it  necessarily  follows  that  the  earth,  which  casts  the  shadow, 
must  be  spherical,  since  nothing  but  a  sphere,  when  turned  in  various 
positions  with  respect  to  a  luminous  body,  can  pioject  a  circular 
shadow. — Again, 

A  lunar  eclipse  is  observed  sooner  by  those  who  live  eastward  than 
by  those  who  live  westward  ;  the  difference  of  time  being  always  pro- 
portional to  the  difference  of  longitude  between  the  places  of  obser- 
vation. 

Now,  if  the  earth  were  an  extended  plane,  as  the  primitive  fathers 
asserted,  the  eclipse  would  happen  at  the  same  instant  in  all  places : — 
but  this  is  so  far  from  being  the  case,  that  the  inhabitants  of  Jamaica 
will  not  see  an  eclipse  of  the  moon  until  about  five  hours  after  it  takes 
place  at  Greenwich  ;— therefore  the  figure  of  the  earth  must  be 
spherictil,  or  very  nearly  so. 

If  the  earth  were  an  extended  plane,  the  meridian  zenith  distance  of 
any  one  fixed  star  would  be  the  same  in  all  parts  of  the  world ;  because 
the  measure  of  the  earth's  diameter  bears  no  more  proportion  to  the 
immeasurable  distance  of  the  nearest  fixed  star  than  an  indivisible 
point  docs  to  the  diameter  of  the  earth. — But,  since  the  meridian  zenith 
distance  of  the  same  fixed  star  is  found  to  differ  with  the  latitude,  the 
difference  in  the  zenith  distance  being  always  proportional  to  the  inter- 
cepted arch  of  the  meridian  ;  and  since  it  is  the  known  property  of  a 
curve  that  the  arches  are  proportional  to  their  correspondent  angles, 
therefore  the  surface  of  the  earth  and  sea  is  of  a  curvilinear  form.— 

■ 

Hence  the  earth  must  be  of  a  spherical  figure. 

The  earth  has  been  circumnavigated  by  many  persons,  at  different 
periods,  who,  by  sailing  in  a  westerly  direction,  allowance  being  made 
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for  promontories^  &c.  arrived  at  the  pleee  whence  the3r  eailed.--^Henee| 
the  earth  mutt  be  either  of  a  cylindrieal^  or  a  spheiloal  ftgnre  ;--^bat 
that  it  is  not  of  a  cylindrical  figure  will  appear  ohrioue  by  considering 
that  the  difference  of  longitude  and  meridional  distance  between  two 
places  would|  on  the  cylindrical  hypothesis,  be  equal  ;-^whereas,  ex* 
perience  &nd  actual  observation  demonstrate  that  the  very  reverse  of 
this  takes  place  : — therefore  the  earth  must  be  of  a  spherical  form  fitmi 
west  to  east. 

If  a  ship  in  north  latitude  sails  southerly,  the  north  polar  star  will 
be  found  gradually  to  decrease  in  altitude  till  the  vessel  reaches  the 
Equator  I  at  which  place  the  star  Will  be  seen  immersed  in  the  boriaon. 
—-After  crossing  the  Equator,  and  as  the  ship  advances  in  the  southern 
hemisphere,  the  stars  in  the  neighbourhood  of  the  south  celestial  p<rfe 
will  be  seen  gradually  emerging  from  the  southern  horiaon,  and  increas- 
ing in  altitude,  whilst  those  about  the  north  celestial  pole  will  be  entirely 
lost  sight  of ;  being  hid  below  the  horizon  :-^hence  the  earth  is  spherical 
from  north  to  south ;  but  it  is  also  spherical  from  west  to  east^  as  ap- 
pears from  its  circumnavigation ;  therefore  the  figure  ot  the  earth  is 
that  of  a  sphere. 

When  two  distant  ships  are  approaching  each  other,  at  sea,  the 
royals  and  top-gallant  sails  only  of  each  are  visible  at  first ;  the  lower 

4 

sails  and  hulls  being  concealed  by  the  convex  surface  of  the  water  :— 
but  as  they  draw  nearer  towards  each  other,  the  parts  tliat  were  po  con- 
cealed by  the  convexity  of  the  sea's  surface,  will  be  seen  to  rise  gra- 
dually above  the  horizon. — Now,  if  the  «ea  were  an  extended  plane, 
the  hulls  or  bodies  of  the  ships  would  be  the  first  parts  seen  ;  and  be- 
cause they  are  the  largest,  they  would,  evidently,  be  seen  at  the  great- 
est distance ;  nor  would  the  sn^all  sails  near  the  masts'  heads  be  visible 
until  the  approach  of  the  ships  brought  .them  considerably  nearer. 

In  making  the  land  the  most  elevated  parts  are  first  seen,  such  as 
mountains,  &c. ;  then  tops  of  light-houses  and  steeples,  and  shortly 
afterwards  the  coast,  or  beach  : — this  plainly  demonstrates  that  the 
surface  of  the  sea  is  convex. 

The  sun  is  observed  sooner  at  rising  and  later  at  setting  by  a  person 
at  the  ma8t-%ead  of  a  ship  than  by  one  on  deck  ;  and  so  is  the  moon 
and  all  other  celestial  objects. — ^These  phenomena  evidently  arise  from 
the  spherical  figure  of  the  earth  j  and  are,  therefore,  most  convincing 
and  satisfactory  proofs  of  its  globularity. 

Again. — The  continual  presence  of  the  sun  above  the  horizon,  during 
the  space  of  several  months,  in  the  neighbourhood  of  one  terrestrial 
pole,  while  at  a  place  equally  distant  from  the  other,  he  is  as  long 
absent,  affords  another  convincing  proof  that  the  earth  is  of  a  spherical 
figure. 


.  • 
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The  tpherical  figure  of  the  earth  may  be  also  inferred  from  the 
method  of  levelling^  or  the  art  of  conveying  water  from  one  place  to 
another  ;-*for^  in  thia  operation  it  is  alwaya  found  neceaaary  to  make 
an  allowance  between  the  true  and  the  apparent  levela  on  account  of 
the  rotundity  of  the  earth  y  the  true  level  being  a  curve  line  which 
falls  below  the  straight  line  of  apparent  level  about  8  inches  in  1  mile ; 
32  inches  in  two  miles;  128  inches  in  4  miles^  &c.,  the  curvature 
always  augmenting  in  proportion  to  the  square  of  the  distance.*^See 
Problem  X.j  between  pages  628  and  630. 

Finally^— All  the  planets  are  observed  to  be  of  a  spherical  figure ; 
and  since  the  earth  is  a  planet,  subject  to  the  same  laws,  and  revolving 
round  the  sun  in  the  same  manner  as  the  other  planets,  it  must,  there- 
fore, by  analogy,  be  also  spherical. 

The  irregularities  on  the  earth's  surface,  occasioned  by  mountains 
and  valleys,  are  very  inconsiderable  compared  with  its  magnitude ;  and 
take  off  no  more  from  its  actual  rotundity  than  the  little  risings  on  the 
coat  of  an  orange  do  from  the  rotundity  of  that  fruit : — ^for  the  highest 
eminence  or  mountain  bears  a  less  proportion  to  the  magnitude  of  the 
earth  than  the  smallest  grain  of  sand  does  to  an  I8«inch  globe.^-Thus, 

The  summit  of  Chimbora90,  one  of  the  Andes  Mountains,  and  the 
highest  in  the  known  world,  is  only  20280  feet  above  the  level  of  the 
sea,  or  not  quite  4  miles  in  perpendicular  height. — Now,  the  radius  of 
the  earth  is  20902200  feet,  and  that  of  an  18-inch  globe  9  inches  ;— 
hence,  by  the  ride  of  proportion,  as  20902200  feet  :  20902200  feet  + 
20280  feet  =  20922480  feet  : :  9  inches  to  9. 0087  inches.;  from  which 
deduct  9  inches^  (the  radius  of  the  artilicial  globe,)  and  the  remainder 
0. 0087  is  the  relative  elevation  of  Mount  Chimbora90  on  an  IS'-inch 
globe;  and  as  this  is  scarcely  the  one  hundred  and  fifteenth  part  of  an 
inch,  it  is,  therefore,  considerably  .less  than  a  common  grain  of  sand. 
— Hence  it  is  evident  that  the  highest  mountains  and  deepest  valleys, 
take  little  or  nothing  from  the  earth*s  rotundity. 

Although  when  speaking  of  the  earth  in  general  terms,  it  may  be 
considered  as  a  globe  or  sphere ;  yet,  in  strictness  it  is  not  a  perfect 
sphere,  but  rather  an  oblate  spheroid ;  which  is  a  solid  generated  by 
the  revolution  of  a  semi -ellipse  about  its  shorter  axis  or  diameter; — 
and  actual  admeasurements,  in  sundry  places,  have  clearly  proved  that 
the  polar  (ixis,  or  diameter,  is  about  26  miles  less  than  the  equatorial 
diameter. — However,  since  the  earth  differs  so  \tvy  little  from  a  globe 
or  sphere,  it  may,  therefore,  be  very  safely  considered  as  being  perfectly 
spherical  in  all  nautical  calculations  whatever. 

The  spherical  figure  of  the  earth  being  thus  satisfa,qtorily  established, 
its  magnitude  may  be  determined  by  measuring  a  small  portion  of  i^ 
meridian,  and  observing  the  zenith  distances  of  one  or  more  stars  at 
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the  extreme  stations ;  then,  the  difference  between  the  zenith  dist^ces 
of  the  same  star  gives  the  correspondent  celestial  arch. — Now, 

As  the  celestial  archj  thus  found,  is  to  the  measured  or  intercepted 
portion  of  the  meridian ;  so  is  one  degree,  to  its  absolute  length  in  the 
same  measure  in  which  the  portion  of  the  meridian  was  taken. 

In  this  manner  the  celestial  arch  of  one  degree  lias  been  found  to 
contain  60. 093  English  miles ;  and  since  the  earth's  circumference, 
like  that  of  all  other  spheres,  contains  360  degrees  ;  therefore  360  de- 
grees X  69. 093  miles  =  24873. 48,  is  the  true  measure  of  the  earth's 
circumference  in  English  miles. — Hence,  its  diameter  is  791 7i  miles, 
English  measure. 

Now,  since  the  nautical  arch  is,  in  every  respect,  equal  to  the  celeetiul 
arch,  the  length  of  a  degree  in  the  one  being  precisely  equal  to  the 
length  of  a  degree  in  the  other,  each  Qontaining  60 geographical  miles; 
and  since  the  measure  of  a  degree  of  this  arch  in  English  miles,  is 
60. 093,  or  364815  English  feet ;— therefore  364815  feet  h-  60  miles  = 
6080  feet;  which,  evidently,  is  the  true  length  of  a  nautical  mile,  ex- 
pressed in  English  measure.-^ And,  if  6080  feet  be  divided  by  120  (the 
number  of  half  minutes  in  an  hour,)  the  quotient  50  feet  and  8  inches 
will  be  the  true  measure  of  a  knot. — And,  hence  the  principles  upon 
which  the  measure  of  a  knot  upon  the  log  line  has  been  determined. 

But,  because  it  is  safest  to  have  the  reckoning  a-head  of  the  ship, 
48  feet,  or  8  fathoms  are,  therefore,  commonly  allowed  between  every 
two  adjacent  knots  on  the  log  line  : — and  this  measure  is  to  correspond 
to  a  glass  running  30  seconds  ;  or,  rather  29|  seconds,  so  as  to  make  up 
for  any  time  that  may  be  unavoidably  lost  in  the  act  of  turning  the 
glass.  See  the  Problems  between  pages  272  and  276  relative  to  the 
errors  of  the  log.  sine  and  the  half-minute  glass. 

Remark. — The  method  of  adjusting  the  instruments  used  at  sea  vrAl 
be  found  in  the  Articles  between  pages  316  and  326. 


SOLUTION  OF  MISCELLANEOUS  PROBLEMS. 

Problem  I. 

Given  the  Rase  and  Perpendicular  Height  of  a  Plane  Triangle ;  to  fin 

its.  Area. 

Rule. 

To  the  logarithm  of  the  base  add  the  logarithm  of  half  the  perpen- 
dicular height,  and  the  sum  will  be  the  logarithm  of  the  area,  or  super- 
ficial content  of  the  triangle.  • 
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Example. 


Let  the  base  of  a  plane  triangle  be  37«6*yard8^  and  its  perpendicular 
height  29. 8  yards ;  required  its  area^  or  superficial  content  ? 

Base  of  the  triangle  =        •    .     •    •    37*6  yards.    Log.  =  1.575188 
Perpen.  height  =  29. 8  yard8-i-2  =      14. 9  yards.    Log.  =    1. 173186 


Area,  or  superficial  content  =      •    560. 24     •    •    Log.  »   2. 748374 


Problem  IL 

Given  two  Sides  and  the  contained  Angle  of  a  Plane  Triangle  i 

to  find  its  Area. 

Rule.   . 

To  the  logarithmic  sine  of  the  contained  angle,  add  the  logarithms  of 
the  containing  sides ;  and  the  sum  (abating  10  in  the  index)  will  be 
the  logarithm  of  twice  the  area  of  the  triangle.* 

Example. 

Let  the  two  given  sides  of  a  triangle  be  109. 5  yards  and  168. 2  yards 
respectively,  and  the  contained  angle  79°  16' ;  required  the  area,  or 
superficial  content  of  that  triangle  ? 

Contained  or  included  angle  =  .  .  79?  16'  Log.  sine  =  9.992335 
One  of  the  containing  sides  =  .  .  109.  5  Log.  =  .  2.039414 
The  other  containing  side  =       .     .  168.   2      Log.  =     .    2. 225826 


Twice  the  area  of  the  triangle  =     18095.   7      Log.  =     .    4.257675 


Area  of  the  triangle  =:     .     .     .        9047. 85  yards,  as  required. 

Note. — The  above  Problem  will  be  found  exceedingly  useful  in  the 
practice  of  land-surveying. 


*  Or,  to  the  logarithmic  line  of  tho  contained  angle,  add  the  logarithm  of  one  of  th« 
oootatning  tides  and  the  logarithm  of  half  the  other  containing  Hde:  the  turn  of  thete  three 
logarithms  (abj^ting  10  in  the  index},  will  be  the  logarithm  of  (he  area  of  the  triangle. 

3    A 
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(men  this  thrte  Skies  Ufa  Triangle;  to  find  Ue 

pr  euperficial  Content. 

Rule. 

Add  the  ttire^  ijides  tog^thet,  and  take  half  tbeir  suta  ;  subtract  Hth 
AAe  ffcrrerally  from  that  half  sum,  noting  the  remainders  :  then, 

To  th6  logarithtn  of  the  half  sum  add  the  logarithms  of  the.  three  re- 
mainders ;  now^  the  sum  of  these  four  logarithms,  being  divided  by  2, 
will  give  the  area  of  the  triangle. 

Example. 

Let  the  three  sides  of  a  triangle  be  433,  312,  and  205  yards  respec- 
tively ;  required  iti  area  ? 

.  First  side  =     .     433      First  remainder  =       42    Log.  =  1 .  623249 
Second  side  -      312      Second  remainder  =  163     Log'.  =  2. 212188 
dde^sf    .    205      Third  remainder  =    270    Log.  =  2. 431364 


bum.ss  .     .     •    ^50 


Half  sum  =     .    4/5    Log.  = 2. 676694 

Divide  by  2)  8. 943495 


Areft  Of  th^  trhmgle  ^    29631.08    Log.  ==       ....    4.471747^ 


Problem  IV. 

Oiven  tin  Diameter  of  a  Circle  ;  to  find  its  Circutn/h'ence,  and  conversely 

Rule. 

'fa  the  logarithm  of  the  diameter  add  the  constant  logarithm  0. 497150. 
and  the  sum  will  be  the  logarithm  of  the  circumference.  And,  to  th( 
logarithm  of  .the  circumference  add  the  constant  logarithm  9.  502850 
and  the  sum  will  be  the  logarithm  of  the  diameter. 

Example  1. 

The  earth's  diameter  is  7917*  5  miles ;  required  its  circumference  ? 

Diameter  of  the  earth  =      ...     7917. 5  miles.     Log.  =  3. 89858f 
Constant  log.  =: 0.49715( 

Circumference  of  the  earth  =     .    .    24873  miles,    Log.  =:  4. 38573J 


Example  2. 

If  the  circumference  of  the  earth  be  25000  mileSi  what  is  its  diatiifeter? 

Circumference  of  the  earth  =    .     .    25000  miles.    Log.  =  4. 397940 
Constant  log.  = 9.602850 


Diameter  of  the  earth,  in  miles  =     7957. 7  Log-  =  3.900790 

Ifote. — The  circumference  of  a  circle  whose  diameter  is  unity  or  1, 
is  3. 14159265  ;  and,  since  the  circumferences  of  circles  are  to  each 
other  as  their  diameters,  or  radii, — therefore,  as  the  diameter  1,  is  to 
its  circumference  3. 14159265  ;  so  is  the  diameter  of  any  other  circle^ 
to  its  circumference  :  and  hence  the  above  Rule.  The  constant  lo- 
garithm is  expressed  by  the  logarithm  of  3. 14159265^  or  log.  arithme- 
tical complement  of  that  number. 


Problem  V. 

* 

Given  the  Diameter,  or  the  Circumference  of  the  Earth  ;  iofind  this  ^hok 

Area  of  its  Surface. 

Rule. 

Since  the  surface  of  a  sphere  or  globe  whose  diameter  is  unity  or  1, 
is  3. 14159265,  the  logarithm  of  which  is  0.497150,  and  its  arithme- 
tical complement  9.  502850 ;  and  since  the  surfaces  of  spheres  are  to 
each  other  as  the  squares  of  their  diameters  ;  therefore^ 

To  twice  the  logarithm  of  the  earth's  diameter  add  the  constant  lo- 
-garithm  0.  497150,  and  the  sum  will  be  the  logarithm  of  the  area  of  the 
earth's  surface,  in  square  miles.     Or, 

To  twice  the  logarithm  of  the  earth's  circumference  add  ike  cdnstatii 
logarithm  9. 502850,  and  the  sum  will  be  the  logarithm  of  the  earth'i) 
surface,  in  square  miles. 

Example  I. 

Required  the  area  or  superficial  measure^  in  square  miles,  of  ttie 
whole  of  the  earth's  surface,  allowing  its  diameter  to  be  791 7«  6 
English  miles  ? 

Diameter  of  the  earth  =       .     .    791/.  5    Twice  its  log.  =  7. 797176 
Constant  log.  = 0.497150 


Area,  in  square  miles  =   .     196936545.5    Log.  =      .   \    8.294326 

3a2 
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Example  2. 

Required  the  area  or  superficial  measure  of  the  whole  of  the  earth's 
surface,  in  square  miles,  allowing  its  circumference  to  be  24873  English 
miles? 

Circumference  of  the  earth  =      .    24873    Twice  its  log-  =  a  791476 
Constiiit  log.  = .,...•.    9.502850 


Area,  in  square  miles  =     •    196936545. 5    Log.  =      .    .    8.  Ii94326 


Problem  VL 
To  find  the  Length  of  any  Arc  of  a  Circle 

Rux.E. 

To  the  logarithm  of  the  degrees  in  the  given  arc,  considered  as  a 
natural  number,  add  the  logarithm  of  the  radius  of  that  arc,  and  the 
constant  logarithm  8. 241877 ;  the  sum  will  be  the  logarithm  of  the 
length  of  the  arc. 

Example. 

Required  the  length  of  an  arc  of  45  degrees,  the  radius  being  9  inches  ? 

Length  of  the  arc,  in  degrees  =  45  Log.  =  .  .  1 .  653213 
Radius  of  the  arc,  in  inches  =  9  Log.  =  •  .  0. 954243 
Constant  log.  = 8.241877 


Length  of  the  arc,  in  inches  =     .    7-  0686    Log.  =     .     .    0. 849333 

Note. — The  circumference  of  a  circle  whose  diameter  is  unity  or  I , 
is  3.14159265.  And  since  the  circumference  of  a  circle  contains  360 
degrees  ;  and  that  the  measure  of  the  longest  arc  thereof  is  that  which 
corresponds  to  the  semi-circle  :— therefore,  as  180**  :  3. 14159265::  1?, 
to  0. 0174533 ;  the  logarithm  of  which  is  8. 241877 ;  which  is  the  true 
constant  logarithm  for  determining  the  length  of  the  arc  of  a  circle 
correspondini;  to  any  given  number  of  degrees,  and  parts  of  a  degree. 
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Problem  VII. 

Given  the  Length  of  an  Arc  of  a  Circle ,  a)id  the  number  of  Degrees  con- 

iained  therein;  to  find  its  Radius. 

Rule. 

To  the  logarithm  arithmetical  complement  of  the  number  of  degreeg 
contained  in  the  given  arc^  esteemed  as  a  common  number^  add  the 
logarithm  of  its  length,  in  inches,  and  the  constant  logarithm  1  •  758123 ; 
the  sum  (abating  10  in  the  index)  will  be  the  length  of  the  radius  in 
inches. 

Note. — ^The  constant  logarithm  made  use  of  in  this  Rule  is  the  arith* 
metical  complement  of  that  which  is  used  in  the  preceding  Rule. 

Example. 

Let  the  length  of  the  arc  of  a  circle  be  10. 82  inches,  and  the  number 
of  degrees  contained  therein  40 ;  required  the  length  of  the  radius  that 
would  sweep  that  arc  ? 

Given  number  of  degrees  =  .  ,  40  Log.  arith.'comp.=8. 397940 
Length  of  the  given  arc  =  10.  ^  inches  Log.  =  •  .  .  1 .  0342/0 
Constant  logarithm  = 1.758123 


Length  of  the  radius,  in  inches  =  15. 5    Logarithm  =:       .1. 190333 


Problem  VIII. 

CHven  the  length  of  an  Arc  of  a  Circle ,  and  its  Radius  ;  to  find  the  number 

of  Degrees  contained  therein. 

Rule. 

To  the  logarithm  arithmetical  complement  of  the  length  of  the  radius 
of  the  given  arc,  add  the  logarithm  of  the  length  of  the  arc,  and  the 
constant  logarithm  1.758123;  the  sum,  abating  10  in  the  index,  will 
be  the  logarithm  of  the  number  of  degrees  contained  in  the  given  arc. 

jVb/tf. — ^The  constant  logarithm  made  use  of  in  this  Rule  is  the  arith- 
metical complement  of  that  which  is  made  use  of  in  Problem  VI. 

Example. 

Let  the  length  of  the  arc  of  a  circle  be  10. 82  inches,  and  its  radius 
16. 5  inches ;  required  the  number  of  degrees  contained  therein  ? 


Radius  of  the  arc  =^  .  .  15. 5  inches.  Log.  ar.  coiiip.tsS.  809668 
Length  of  the  arc  =  .  .  10. 82  inches.  Log.  =  .  .  1. 034270 
Constant  logarithm  = 1.758123 

Number  of  degrees  in  the  arc  =40   ...     Logarithm  =      1. 602061 

Remark. — ^The  two  last  Problems  will  be  found  useful  in  adapting 
Penduiums  to  given  spaces,  on  board  a  man-of-war,  for  showing  the 
actual  number  of  degrees  that  a  ship  may  ^SS^down. 


Problem   IX. 

To  find  the  Lenffth  of  a  Pendulum  for  Vihrating  Secondi  at  the  Equator  ^ 

and  ako  at  the  Poles  of  the  World. 

Rule. 

Since  the  circumference  of  a  circle  whose  diameter  is  unity  or  },  is 
found  by  computation  to  be  3.  14159265  ;  and  since  a  pendulum  vijlirales 
in  the  arc  of  a  circle,  or  cycloid,  the  radius  of  which  is  equal  to  the 
length  of  the  pendulum  from  the  centre  of  oscillation;  therefore,  if 
twice  the  space  passed  through  by  a  falling  body  in  one  second  of  time, 
be  divided  by  the  square  of  the  above  circumference,  the  quotient  MdU 
be  the  length  of  the  pendulum  for  vibrating  seconds.  Now,  it  has  been 
found,  taking  the  mean  of  many  experiments,  that  a  heavy  body  let  fall 
at  the  equator  will  descend,  by  the  force  of  gravity,  16. 04436  feet  in 
one  second  of  time  : — hence,  by  logarithms, 

16.04436ft.=  192.53232inche8  x  2=385.06464  Logarithm=2. 5856336 
Circum.  of  a  circle  to  diameter  1  :=:3.14159265  Tw.  its  log.=0. 9942996 


Length  of  the  pendulum,  in  inches  ==39. 0152,  Logarithm^  1. 5912338 ; 
which,  therefore,  is  the  correct  length  of  the  pendulum  for  vibrating 
seconds  on  all  points  of  the  equator. 

Now,  since  the  ratio  of  the  earth's  equatorial  semidiameier  to  it^ 
polar  semi-axis  [taking  the  mean  of  many  results)  is  as  305  to  304. 212  ;^ 
and,  since  gravity  decreases  in  proportion  to  the  square  of  the  distance* 
and  conversely  ;  therefore  it  will  be, — As  the  square  of  the  polar  semi- 
axis  is  to  the  square  of  equatorial  radius,  so  is  the  length  of  the 
pendulum  at  the  equator,  to  the  length  of  the  pendulum,  for  vibrating 
seconds  at  the  poles  of  the  world.^Hence,  by  logarithms. 


*  Thii  if  giveif  jn  round  or  whole  numbers,  page  337,  as  305  to  304. 
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Polar  serni-axis  s  .  304. 212,  Twice  its  Ipg.  ar.  conip.=5. 0330472 
iSquatorial  radius  =  .  305,  Twice  its  logarithm »  4. 9685996 
fcju^toriai  pendulum  =  39. 0152  inches     .    Logar|tbfn  =  1 .  59123^8 


Polar  pendulum  =  .    .    39.2176  inches     .     Logarithm  =  1. 5934806 
which  is  the  correct  length  of  the  pendulum  for  vibrating  seconds  at 

the  poles  of  the  world. 

« 

Remark. — ^The  pendulum  which  is  properly  adapted  to  the  equator 
vibrates  86400  times  in  24  hours.  Now,  if.  this  pendulum  be  made  to 
oscillate  at  any  given  degree  of  latitude,  the  number  of  its  oscillations 
in  24  hours  will  exceed  the  above  equatorial  number,  in  proportion  to 
the  excess  of  the  force  of  gravity  beyond  its%force  at  the  equator  i  the 
intensity  of  the  force  at  each  point  being  always  proportional  to  the 
square  of  the  number  of  oscillations.  And  the  square  of  the  number 
of  oscillations  at  the  equator  and  the  given  degree  of  latitude  will  be 
as  the  correct  length  of  the  pendulum  for  vibrating  seconds  at  each 
point  respectively. 

Hence,  the  length  of  the  pendulum  which  will  vibrate  86400  times 
in  24  hours  at  the  poles  of  the  world  may  be  readily  determined,  as 
thus,— - 

Since  the  force  of  gravity  at  the  equator  is  16. 04436  feet  in  one 
second,  and  that  its  intensity  is  as  the  square  of  the  distance  from  the 
earth's  centre;  therefore,  16. 04436x305«-f-304.212^=  16. 12758  is 
the  force  of  gyavity  at  the  poles  of  the  world. — Then, 

As forceof  gravity  at  the  equator=  16. 04436  Log.  ar.  comp.=8. 7946/76 

:  Ditto  at  the  poles  of  the  wodd=16. 12758  Logarithm  =      1.2075695} 

: :  D  Oscillations  at  the  equator =86400        Twice  its  log.=  9. 8730274 

Square  of  the  log.  =  9. 8752742 
Os4?iUations  at  the  poles  -     .    86623. 75  Logarithm  =     4. 9376371 

Hence  it  is  manifest  that,  if  the  equatorial  pendulum  were  placed  at 
the  poles  of  the  world,  it  would  oscillate  86623}  times  in  24  hours, 
which  is  223|  times  more  than  the  truth. — Now, 

As  D  oscillations  at  the  equator =86400  Twice  its  log.  ar.  cp.=0. 1269726 
:  D  Oscillations  at  the  poles =86623. 75  Twice  its  logarithm=9. 8752742 
: :  Equatorial  pendulum  ^^      39. 0152  inches    Logarithms  1 .  5912338 

To  polar  pendulum  =  .    .    89. 2176  inches    Logarithm^  1.5934806 
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Hence^  the  correct  length  of  the  pendulum  for  vibrating  seconds  at 
the  poles  of  the  world,  and  which  will  oscillate  86400  times  in  24 
hours,  is  39.2176  inches;  being  exactly  the  same  as  that  deduced 
from  the  direct  operation  in  the  solution  of  Problem  IX.^  as  above. 


Problem  X. 

To  find  the  Length  of  a  Pendulum  for  Vibrating  Seconds  in  any  part  of 

the  world  betmsct  the  Equator  and  the  Poles. 

Rule. 

It  has  been  shown  ia  the  preceding  Problem  that  the  length  of  a 
pendulum  for  vibrating  seconds  at  the  equator  is  39.0152  inches,  and 
at  the  poles  of  the  world  39.21/6  inches:  hence,  the  excess  of  the 
polar  pendulum  above  the  equatorial  is  0. 2024.  Now,  since  this  excess, 
at  any  point  betwixt  the  equator  and  the  poles,  is  as  the  square  of  the 
sine  of  the  geocentric  latitude ;  therefore,  let  the  latitude  of  the  given 
place  be  reduced  by  the  equation  in  Table  B,  vol.  ii.,  page  61 1*  : — ^then, 
to  twice  the  log.  sine  of  the  reduced  latitude,  add  the  constant  logarithm 
9. 306211';  the  sum,  abating  20  in  the  index,  will  be  the  logarithm  of 
-  a  natural  number  in  decimals^  which  being  added  to  the  equatorial 
pendulum,  the  result  will  be  the  correct  length  of  the  pendulum  for 
vibrating  seconds  in  the  given  parallel  of  latitude. 

Example.  * 

Required  the  length  of  a  pendulum  for  vibrating  seconds  in  the 
parallel  of  London  ? 

Latitude  of  London=  51  ?30 :  49r 
Equation  in  Table  B=       11.   0 

Geocentric  latitude  =  5 1  ?  1 9 : 49r    Twice  its  log,  sine  =     1 9. 785036 
Constant  logarithm,  the  log.  of  0. 2024  =  ......    9.306211 

Natural  number  = +0.1234    Log.  =     9.09124/ 

Equatorial  pendulum  =       ....      39. 0152  inches. 


Length  of  the  pendulum  at  London  =     39. 1386  inches. 

Remark. — ^The  length  of  the  pendulum  determined  in  this  manner 
will  be  found  to  coincide  with  that  deduced  from  actual  observation  in 
every  part  of  the  world  where  experiments  have  been  made ;  and  this 
striking  coincidence  affords  an  incontestable  proof  that  the  earth  is  of 
an  oblate  spheroidal  figure,  respecting  which  /  once  entertained  a  doutt. 
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Problbm  XI. 

To  find  the  Length  of  a  Penduhm  for  vibrating  Half  Seconds. 

Rule. 

To  the  arithmetical  complement  of  twice  the  logaritlim  of  120  (the 
number  of  vibrations  in  a  minute  for  the  half-seconds'  pendulum)  add, 
twice  the  logarithm  of  (K)  (the  number  of  vibrations  in  a  minute  for 
the  seconds'  pendulum),  and  the  logarithm  of  the  length  of  the  latter 
pendulum  :  th^  sum  of  these  three  logarithms  (abating  10  in  the  index) 
will  be  the  logarithm  of  the  length  of  the  pendulum  for  vibrating  half- 
seconds. 

Example, 

Let  the  length  of  a  pendulum  for  vibrating  seconds  be  39. 125  inches; 
required  the  length  of  a  pendulum  that  will  vibrate  half-seconds  ? 

Vibrations  for  j-sec8.'pendulum=120  Ar.co.oftwiceitslog.=:5. 841638 
Ditto  for  the  seconds'  pendulum  =  60  Twice  its  log.  =  .  3. 556302 
Length  of  the  pendulum  for  secs.=:39. 125  inches     Log.  =  1. 592454 

Length  of  half-seconds'  pendulum=  9. 781  inches  Log.  =?  0. 990394 
Hence  the  length  of  a  pendulum  for  vibrating  half  seconds,  is  9}  inches. 

Remark, — Since  the  lengths  of  pendulums  are  as  the  squares  of  the 
times  of  vibration ;  therefore  if  the  length  of  a  pendulum  for  vibrating 
seconds  in  any  given  latitude  be  multiplied  by  the  square  of  one-half  or 
.  5,  viz.,  .  25 ;  the  product  will  be  the  length  of  the  pendulum  for 
vibrating  half-seconds  j  as  thus : — 

Length  of  the  seconds'  pendulum,  as  above=39. 125  Log.  =  1 .  592454 
Square  of  one-half  = 0.25    Log.  =  9. 397940 

Length  of  the  half-seconds'  pendulum  =  9. 781  Log.  =  0. 990394  j 
being  exactly  the  same  as  above. 


Problem  XII. 

Give  the  Time  of  Descent  of  a  Heavy  Body  ;  to  find  the  Height  from 

which  it  Fell. 

Rule. 

The  space  passed  through  by  a  falling  body  is  as  the  square  of  the 
time  of  descent : — ^hence,  since  a  heavy  body  falls  16iV  feet  in  one  it" 
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cond of  time,  it  will  be,  as  the  square  of  1  second,  is  to  16^^  feet;  so 
is  the  square  of  the  number  of  seconds  w)iich  a  body  takes  to  descend, 
to  the  height,  in  feet,  from  which  it  fell : — or,  as  thus  by  logarithms : 
to  twice  the  logarithm  of  the  time  of  descent,  add  the  constant  lo- 
garithm 1. 206376;  and  the  sum  will  be  the  logarithm  of  the  height  or 
depth  ip  feet. 

Example, 

A  stone  let  fall  from  the  top  of  a  precipice  was  15  seconds  in  de- 
scending to  the  bottom  of  a  dfeep  cavern ;  required  the  number  of  feet 
betwixt  the  precipice  and  the  bottom  of  the  cavern  ? 

Time  of  descent  =  15  seconds ;  t\vice  its  logarithm  =  .  .  2. 352182 
Constant  logarithm  = 1 .  206376 


Height  o|r  depth,  in  feet  =      .    .    .  aQ)9    Logarithm  =    ^.  558558 
Note. — In  this  manner  the  depth  of  dry  tceUs  may  be  determined. 


Problem  XIII. 
Oiven  the  Circumference  of  a  Cable j  and  its  Length  ;  to  find  its  Weight. 

Rule. 

To  twice  the  logarithm  of  the  circumference  of  the  given  cable,  add 
the  logarithm  of  its  length  and  the  constant  logarithm  9.321968  :  the 
sum  of  these  three  logarithms  (abating  10  in  the  index)  will  be  the 
weight  of  the  given  cable,  in  pounds,  avoirdupois. 

Example. 

Let  the  circujmference  of  a  cable  be  21  inches,  and  its  length  110 
fathoms  j  required  its  weight  ? 

Circumference  or  girt  of  given  cable=sl$]  ip.  Jwige  it8^og.=-2. 64443$ 
Length  of  ditto,  in  fathoms  =  .  .110  Log.  =  .  .  2.041393 
Constant  log.  ==. 9. 321963 


Weight  of  the  given  cable,  in  pounds= 10181    Log.  =       .     •  4. 007794 

Remark, — It  has  been  found,  by  actual  experiment,  that  1  fathom  of 
a  hemp  cable,  which^  measures  9  inches  in  circumference  weighs  17  lbs. 
avoirdupois.  Now,  since  cylinders  of  equal  lengths  are  as  the  squares 
of  their  circumferences, — therefore,  as  the  square  of  9  inches  (the  cir- 
cumference ot  the  experimented  cable),  is  to  the  weight  of  1  fethom 


if,  vi^,  }7  Itiff. ;  aq  ia  ^s  square  qf  thp  cim)mfeF^nf!<»  of  uiy  t^er 

k)^,  tu  t^ie  weight  of  1  fathom  of  such  cable :  which,  uiiiltipjieil  by 

length  of  the  cable,  will  give  ita  whole  weight.     The  constaut 

arithiii  9.S21963  is  found  by  adding  the  arithmetical  complement 

tvice  tlie  logarithm  of  9  inches  to  the  logarithm  of  17  pounds. 


Problem  XIV. 

■^•wii  the  Diameter  qf  a  Circle  ;  to  Jiiuf  it*  Area,  or  superficial  Content. 

^H  ciicles  are  to  one  another,  as  the  squares  of  their  diameters;  and 

tl)e  prt*  of  &  circle  whose  diameter  is  unity  or  1,  is  .  7^59082,  the 

m  of  trbioh  is  Q.  80&Q80, — therefore,  tp  twice  ^e  logarithm  of 

diametjer  of  the  given  circle,  9dd  theconstant  logarithm  0.885090; 

the  sum  (abating  10  in  the  index)  will  be  the  logarithm  of  the 

or  superficial  content  of  that  circle. 

.    Examph' 
If  t)ie  diameter  of  9  circle  be  78.  41  yards,  wh^t  Is  its  are^  or  stip^r- 
^■iip^  content  ? 

^ijl^ieter  of  the  given  circle  =  7B.  41  yards  Twice  its  log.=3. 78H744 
Constant  log. ». 9.8t|50e0 


Area  of  the  given  circle,  In  yardjj  =4828. 9    Log.  =     .    . 

Pboblxu  XV. 
Gwtt^  ikf  4rea  or  sigierfiei^  Content  0/  a  Cirele  f  tojbti  Ut  Diameter. 


As  this  problem  is  evidently  the  converse  of  the  last, — therefore,  to 
the  logarithm  of  the  area  of  the  {^ven  frifcle,  add  the  constant  logarithm 
0. 104910  (tb^  arithinetical  compleipent  of  9. 895090) :  divide  the  sum 
by  2,  and  the  quotient  will  he  the  logarithm  of  the  diameter  of  the 
l^ren  circle. 


Lft  tfae  area  of  a  circle  be  4828. 8  yards ;  required  itn  diameter  ? 
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Area  or  superficial  content  of  given  circle  ?=4828. 8  yds.  Log.=3. 663834 
Constat  log.  = 0.104910 

Divide  by  2)3. 788744 
Diameter  of  the  given  circle,  in  yards  =  78. 41     Log.  =        1. 894372 


Problem  XVL 

Given  the  Diameter  of  a  Circle  ;  to  find  the  Side  of  a  Square  equal  in 

Area  to  that  Circle. 

Rule. 

To  the  logarithm  of  the  diameter  of  the  given  circle^  add  the  con- 
stant logarithm  9. 947545  (the  logaridim  of  the  square  root  of  •  7853962); 
and  the  sum  (abating  10  in  the  index)  will  be  the  logarithm  of  the  side 
of  a  square  equal  in  area  or  superficial  content  to  that  circle. 

Example, 

If  the  diameter  of  a  circle  be  78. 41  yards^  what  is  the  side  of  a 
square  equal  in  area  to  that  circle  ? 

Diameter  of  the  given  circle  =     •    •    78. 41  yards  Log,  =  1 .  8943/2 
Constant  log.  = 9.947545 

Side  of  the  required  square^  in  yards  =  69. 49  Log.  =  1. 841917 


Problem  XVIL 

Given  the  Diameter  of  a  Circle  ;  to  find  the  Side  of  a  Square  inscribed 

in  that  Circle. 

Rule. 

To  the  logarithm  of  the  diameter  of  the  given  circle^  add  the  con- 
stant logarithm  9.  849485 ;  and  the  sum  (abating  10  in  the  index)  will 
be  the  logarithm  of  the  side  of  a  square  inscribed  in  that  circle. 

Example. 

If  the  diameter  of  a  circle  be  78*  41  yards^  what  is  the  side  of  a 
square  inscribed  in  that  circle  ? 

Diameter  of  the  given  circle  =     .     .    78.  41  yards  Log.  =  L  894372 
Constant  log.  == 9.849485 

Side  of  the  inscribed  square^  in  yards=  55. 44  Log,  =  L  743857 
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Problem  XVIII. 

Given  the  transverse  and  the  cor\jugate  Diameters  of  an  Ellipsis  ; 

to  find  its  Area* 

Rule. 

To  the  loi^arithms  of  the  longer  and  the  shorter  diameters  of  the 
ellipsis^  add  the  constant  logarithm  9. 895090 :  the  sum  (abating  10  in 
the  index)  will  be  the  area  of  that  ellipsis. 


Example. 

Let  the  transverse  diameter  of  an  ellipsis  be  6l6  yards^  and  its  con- 
jugate diameter  445  yards  ;  required  the  area  or  superficial  content  of 
that  ellipsis  ? 

Transverse  diameter  =  .  •  .  616  yards  Log.  =  2. 789581 
Conjugate  diameter  =  .  .  .  445  yards  Log.  =  2. 648360 
Constant  log.  = 9. 895090 

Area  of  the  given  ellipsis^  in  yards=215294  Log.  =  5. 333031 

Problem  XIX. 

Given  the  transverse  and  the  conjugate  Diameters  of  an  Ellipsis;  to  find 
the  Diameter  of  a  Circle  equal  in  Area  to  that  Ellipsis. 

Rule. 

To  the  logarithm  of  the  longer  diameter^  add  the  logarithm  of  the 
shorter  diameter ;  divide  the  sum  by  2^  and  the  quotient  will  be  the 
logarithm  of  the  diameter  of  a  circle  equal  in  area  to  the  ellipsis. 

Example. 

Let  the  transverse  diameter  of  an  ellipsis  be  616  yards,  and  its  con- 
jugate diameter  445  yards ;  required  the  diameter  of  a  circle  equal  in 
area  to  that  ellipsis  ? 

Transverse  diameter  of  the  given  ellipsis=616  yards  Log.=2. 789581 
Conjugate  diameter  of  ditto  =      .     .     .    445  yards  Log. =2. 648360 

Divide  by  2)  5.  437941 


Diameter  of  a  circle  equal  in  area  =   52.356  yards  Log.=:2. 718970§ 

JVb/e.— The  rationale  of  this  Rule  will  appear  manifest  by  consider- 
ing that  the  ellipsis  is  a  mean  proportional  between  its  inscribed  and 
circumscribed  circles. 


.V 
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Problem  XX. 

Given  the  transverse  and  the  conjugate  Diameters  of  an  Ellipsis  ;  to  find 

its  Periphery  or  Circumference. 

Rule. 

Square  the  two  diameter^ ;  add  those  squares  together :  take  half  the 
sum,  and  find  the  logarithm  corresponding  thereto.  Now,  the  half  of 
this  logarithm  will  be  the  logarithm  of  a  natural  number,  which,  being 
added  to  half  the  sum  of  the  two  diameters,  will  give  the  corrected 
mean  diameter. 

To  the  logarithm  of  the  corrected  mean  diameter,  thus  founds  add 
the  constant  logarithm  0. 196121 ;  and  the  sum  will  be  the  logarithm 
of  the  circumference  of  the  ellipsis. 

Example. 

Let  the  transverse  diameter  of  an  ellipsis  be  616  yards,  and  its  con- 
jugate diameter  445  yards ;  required  its  circumference  ? 

Tr.diam.616x  616=379466,  the  square. 
Conj.do.445  x  445=  198025,      ditto. 


Divide  by  2 )  577481 ,  sum  of  the  squares. 


Hf.sumof  8quares=288740JLg,5.4605077 


Half  the  logarithm  =       ,     ,     2.7302538 jNtNo.537.36 19 
Half  the  sum  of  the  two  diameters  =        ...  530.5 


Corrected  mean  diameter  = 1067.85 19Lg.  3.0285 11 

Constant  log.  (the  log.  of  half  3.14159265)  = 0.196121 


Circumference  of  the  ellipsis,  in  yardsss  1677*38  Log.  =  3.224632 

Problem  XXL 

Given  the  Diameter  of  a  Sphere  or  Globe;  to  find  its  Solidity. 

Rule. 

To  thrice  the  logarithm  of  the  diameter  of  the  given  sphere,  add  the 
constant  logarithm  9.718999  5  and  the  sum  (abating  10  in  the  index) 
will  be  the  solid  content  of  such  sphere. 


Example. 

If  the  diameter  of  the  earth  be  7917-  5  miles,  what  is  its  solidity  ? 

Diameter  of  the  earth  =f  .    79 1 7-  5  miles    Thrice  its  log. =11. 695764 
Constant  log.  = 9.718999 

Solidity  of  the  earth,  in  miles  =  259874059701. 5    Log.  =  11. 414763 

Note. — It  has  been  found  that  the  solidity  or  solid  coqtent  of  a 
sphere,  whose  diameter  is  unity  or  1,  is  .5235988;  and  since  spheres 
are  to  one  another,  as  the  cubes  of  their  diameters, — therefore,  as  the 
cube  of  the  diameter  I,  is  to  its  solidity  .  5235988;  so  is  the  cube  of 
the  diameter  of  any  other  sphere  or  globe,  to  the  solidity  of  such 
sphere  ot  globe :  and  hence  the  above  rule.  The  constant  logarithm  is 
expressed  by  the  logarithm  of  .  5235988. 

Remark. — For  the  method  of  finding  the  number  of  square  mil^ 
contained  in  the  earth's  supe];ficies,  see  Problem  V.,  page  723. 


Problem  XXII. 

Given  the  Earth* 8  Diameter ;  to  find  the  Height  to  which  a  Person  should 

be  raised  to  see  one-third  of  its  Surface. 

Rule. 

From  twice  the  logarithm  of  the  earth's  semidiameter,  subtract 
the  logarithm  of  its  one-third  :  the  remainder  will  be  the  logarithm  of 
the  height  to  which  a  person  should  be  raised  above  tte  earth's  centre, 
to  see  one^ third  of  its  surface  ;  from  which  let  the  earth's  radius  or 
semidiameter  be  taken,  and  the  remainder  will  be  the  required  height 
above  its  surface. 

Example. 

How  high  above  the  earth  must  a  person  be  raised,  that  he  may  see 
one-third  of  its  surface  ? 

Earth's  semidiameter  =       .    3958.75  miles  Twice  its  log.=7. 195116 
One-third  of  ditto  =       .     .     1319. 5833  miles     Log.  =  .    3. 120437 

Heightabove theearth's  centre= 1 1876. 25  mile's    Log.  =  .    4. 074679 

Deduct  the  earth's  semidiam.  =  3958. 75  miles 

^^^^•■^■^^•^^^■^ 

Remainder  = 7917-50  miles;    which   is   the  true 

height  to  which  a  person  should  be  raised  above  the  earth,  to  see  one- 
third  of  its  surface^ 
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Note. — Since  spherical  curves  are  to  each  other  in  the  same  propor- 
tion as  their  altitudes  ;  therefore^  as  one-third  of  the  earth's  semi- 
diameter^  meantred  /rom  the  centre  or  rational  horizony  is  to  the  semi- 
diameter  ;  so  is  the  semidiameter  to  the  absolute  height  above  the 
earth's  centre  or  rational  horizon :  hence  the  above  Rule  is 


Problem  XXIII. 
To  find  the  Height  of  the  Earth's  Attnoephere. 

The  atmosphere  signifies  the  invisible  fluid^  or  body  of  air^  that  sur- 
rounds the  globe  on  which  we  live^  and  to  which  it  is  attached  by  the 
force  of  gravitation;  and  although  it  is  so  exceedingly  thin  and  subtle 
as  to  be  impalpable^  yet  it  possesses  weight,  density^  and  elasticity ; 
and  is  susceptible  of  expansion  by  heat,  and  condensation  by  cold. 

The  atmosphere  is  replete  with  particles  of  reflective  matter^  which, 
by  receiving  the  solar  rays  and  reflecting  them  in  every  direction, 
cause  the  heavens  to  appear  bright  in  the  day-time. — ^And  were  it  not 
for  this,  only  that  part  of  the  firmament  would  be  illuminated^  at  any 
time,  in  which  the  sun  is  placed.  This  is  a  fact  that  has  been  verified 
experimentally ;  for^  by  ascending  mountains  of  great  attitude,  the  at- 
mosphere becomes  so  extremely  rare,  that  at  the  height  of  about  three 
miles,  or  15840  feet,  above  the  level  of  the  sea,  if  one  turns  his  back 
to  the  sun,  the  sky  will  appear  to  be  of  a  beautiful  jet-black  colour,  in 
which  all  the  planets  and  stars  of  the  first  magnitude,  above  the  ob- 
server's horizon,  will  be  visible  at  noon  or  mid-day. 

As  the  density  and  weight  of  the  atmosphere  are  greatest  at  the 
earth's  surface,  and  as  these  elements  are  found-  to  diminish  gradually 
from  the  surface  upwards,  the  absolute  extent  of  the  circle  which  its 
most  ethereal  parts  circumscribe  round  the  globe,  must  ever  remain  as 
a  desideratum : — but,  the  altitude  at  which  it  is  of  sufficient  density  to 
reflect  the  rays  of  light,  and  which,  in  effect,  constitutes  the  height  of 
the  atmosphere^  may  be  very  readily  and  correctly  deduced  from  the 
following  principles  and  considerations,  viz.. 

The  atmosphere  possesses  the  power  of  refracting  the  rays  of  light, 
and  hence  it  is  that  the  sun  is  visible  every  clear  day,  about  six  minutes, 
at  a  mean  rate,  before  he  actually  rises  above,  and  after  he  sets  below, 
the  horizon  of  an  observer. — The  sun  is  seen  in  the  morning  when  his 
upper  limb  is  within  18  degrees  of  the  horizon  ;  and  he  does  not  le- 
conie  invisible  in  the  evening,  until  his  upper  limb  is  depressed  18 
degrees  below  the  horizon. 
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Now,  in  the  annexed  diagram,  let  A  B  E  D  repreaeat  the  earth,  bot- 

rotmded  by  the  atmosphere,  - 

rB  indicated  by  the  dotted 

eircuiar  tpace.  Let  the  point 

A  be  the  place  of  an  observer 

upon  the  earth,  and  R  H  bis 

visible  horizon ;  S  the  place 

of  the  sun  within  18  degrees 

of  the  horizon,  either  at  his 

rising  or  setting]  and  the 

line  S  R,  a  ray  of  light  from 

that  luminary  falling  upon  the  atmosphere  at  the  point  R,  and  making 

the  angle  S  R  H  equal  to  18  degrees,  the  depression  of  the  sun  below 
the  horizon. 

Now,  because  the  angle  8  R  H  is  18  degrees,  its  supplement,  or  the 
angle  SRA,  is  162  degrees.*  From  the  centre  C,  draw  the  line  CR, 
and  it  will  be  perpendicular  to  the  ai^rial  particles  of  the  atmosphere } 
and,  by  i/te  laws  of  optics,  it  will  bisect  tiie  supplemental  angle  SRA, 
making  the  angle  CRA  equal  to  81  degrees.*— Hence,  in  the  right 
angled  plane  triangle  CRA,  the  angles  and  one  side  are  given,  to  find 
the  hypotfaenuse  C  R ;  from  which,  let  the  semidiameter  C  d  (^C  A) 
be  taken,  and  the  remainder,  or  dR  will  be  the  height  of  the  atmos- 
phere. The  computation  may  be  performed  by  plane  trigonometry, 
Problem  II.,  page  17^ ;  or  by  contraction,  as  in  the  following 

Exangile.—'The  semidiameter  of  the  earth  is  3958|  English  miles } 
required  the  height  of  the  atmosphere  ? 

Angle  CRA  =  81  degrees  Logarithmic  co-Becant=nl0.0053801 

Earth's  semidiameter  C  A  =  3958. 7b  miles    Logarithm  =  3. 5975581 


Hypothennse,  or  side  C  R  =  4008. 10  miles    Logarithm  =  3. 6029382 


Difference,  or  side  d  R  =:  49 .35  miles  j  which  is  the  correct  hdght 

of  the  atmosphere,  as  required. 

ilemar*.— Although  the  atmosphere  extends  to  the  distance  of  49. 3S, 
or  about  49^  miles  above  the  eartfi's  surface,  yet  it  is  seldom  of  Bufl&cient 


*  Tha  au^  S  RH,  ii  stmrned  emuideratig  mor*  tkan  18  itgrtm,  and  the  v^le  S  R  A 
IcM  tbin  162  degreei,  lo  ai  to  render  the  triaDgle  C  RA  dewly  perceptible  to  the  view  of 
tbeyonng  compater:  far,  were  the  proportion*  ilrictly  adhered  to  in  the  pn^ection,  tha 
triangle  would  be  tcarcely  diicemibie  on  eo  nnall  a  gcals ;  and  lor  the  eanie  rcHOii  tha 
npploiMiita)  angle  S  R  A  t»  wt/gMg  Uiteltd. 

3   B 
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density  to  buoy  up  clouds  to  a  greater  altitude  than  about  two  milei ; 
except,  indeed,  those  very  volatile  or  fleecy  ones,  called  ctyfict,  which 
sometimes  float  at  an  elevation  of  five  or  six  miles. — ^At  the  height  of 
about  three  miles  the  atmosphere  becomes  so  attenuated,  or  kises  so 
much  of  its  density,  as  to  be  incapable  of  reflecting  the  heat  of  the 
sun,  or  of  communicating  its  genial  influence  to  the  mountainous  tracts 
at  that  altitude  : — hence  it  is  that,  in  general,  at  an  elevation  of  about 
16000  feet  above  the  level  of  the  sea^  there  is  a  total  suspension  of  vege- 
tation :  —in  that  atrial  region  there  is  a  perpetual  congelation ;  and  thus 
it  is  that  the  summits  of  all  very  high  mountains,  even  of  those  within 
the  tropics,  are  eternally  involved  in  frozen  snow,  or  crowned  with 
impassable  glacial  masses,  which  can  never  be  thawed  or  reduced  to  a 
state  of  fluidity  by  the  action  of  the  solar  beams. 


Problem  XXtV. 

Givmi  the  Earth's  SenmUameter,  and  the  Sun*e  mean  horizmUal 
Paralkw ;  to  find  the  Earth* e  IH8tance\firam  the  San. 

RCLIB. 

To  the  logarithm  of  the  earth's'  semidiameter,  add  the  logarithmic 
co-tangent  of  the  sun's  mean  horizontal  parallax ;  and  the  sum  (abating 
10  in  the  index)  will  be  the  logarithm  of  the  sun's  mean  distance 
from  the  earth. 

Example. 

By  the  transits  of  Venus  over  the  sun's  disc  in  the  years  1761  and 
1769,  the  sun's  mean  horizontal  parallax  appears  to  be  about  8. 6& 
seconds  of  a  degree  ;  now,  if  the  earth's  semidiameter  be  3968.7^ 
milet^  its  mean  distance  from  the  sun  is  required  ? 
Semidiameter  of  the  earth  =3  .  3958. 75  miles  Log.  -  8. 6975581 
Mean  horizontal  parallax  of  the  sun=8''65    Log.  co-tang.=:  14. 


•J*. I J 


•wt 


Earth's  mean  distance  from  the  sun=94546196  miles  Log.=7-  9756441 

See  the  result  deduced  from  the  inverse  ratio  of  the  parallasces  of 
the  moon  and  sun,  page  34. 


«»^ 


PnOBLBM  XXV. 

Oiven  the  Sun's  mean  Distance  from  the  Earthy  and  his  apparent  Bern- 
diameter,  at  a  mean  Rate^  to  find  the  true  Measure  of  Ms  Diameter^ 
in  English  Miles. 

To  the  logarithm  of  the  sun's  mean  distimce  from  the  earUi,  add  tfie 
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logarithmio  tan^nt  of  his  gemidiameter ;  and  the  sum  (abating  10  in 
the  index)  will  be  the  logarithm  of  the  sun's  semidiameteri  in  English 
miles ;  the  double  of  which  will  be  the  measure  of  his  whole  diameter. 

Example. 

If  the  sun's  mean  distance  from  the  earth  be  94546196  English  miles^ 
and  his  mean  apparent  semidiameter  16'  I''.  65^  the  true'measure  of  his 
diameter  Is  required  ? 

Sun's  mean  distance  from  the  earth =94546 196  miles  Log.=7. 9756441 
Sun's  apparent  semidiamcter  =     .     16'  1".  65  Log.  tang.=7. 6685950 

Sun's  true  semidiameter  =  .     .     .     440797.5  miles  Log.=5. 6442391 

True  measure  of  the  sun's  diameters«881595  English  miles. 


Problem  XXVI. 

Given  the  Diameter  a  of  the  Earth  and  the  Sun  ;  to  find  the  Ratio  qf 

their  Magnitudee. 

Rule. 

Sin€6  the  magnitudes  of  all  spherical  bodies  are  as  the  cubesj  or 
triplicate  ratio^  of  their  diameters  (Euclid,  Book  XII.,  Prop#  18),— 
therefore,  from  thrice  the  logarithm  of  the  sun's  diameter  subtract 
thrice  the  logarithm  of  the  earth's  diameter,  and  the  remainder  will  be 
the  logarithm  of  the  ratio  of  their  magnitudes. 

Example. 

If  the  e^h's  diameter  be  7917<  5  English  miles,  and  that  of  the  sim 
88l5d&  such  miles,  required  the  ratio  of  their  magnitudes  ? 

Sun's  diameter,  in  English  mile8=881595  Thrice  its  log;=  17- 8359076 
Earth's  diameter,  in  ditto  =       .    7917. 5  Thrice  its  log.=l  1. 6957643 


*B«iM 


Ratioofthemagnitudesof  the  earth  and  sun*-::  13S0522  Lc^.^O.  1400433 

iVb/e.— The  ratio  of  the  magnitudes  of  the  earth  and  a  planet  may 
be  determined  in  the  same  manner }  as  thus  :«*to  find  how  many  times 
Jupiter  is  larger  than  the  earth. 

Jitpitsr'a  mean  diameter  «     94100  miles  Thrice  its  log.»  14. 9307666 
Earth's  diameter  =    .     .     ,    7917.5  Thrice  its  log.=l  1-6957643 

Ratio  of  the  magnitudes  =      1678.82        Log.  =  .     .     .    3.2250045 

3b2 
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Hence  it  appean  that  the  planet  Jupiter  is  about  1679  tbneB  Urgtr 
than  the  globe  of  earth  on  which  we  live  ! 


Problem  XXVII. 

Gwm  the  Cirem\ferenc€  qf  the  Earth;  to  find  the  Rate,  per  Howr.oi 
which  the  Inhabitanti  under  the  Equator  are  carried^  in  comnquence  ^ 
the  Earth's  diurnal  Motion  round  its  Axis* 

Rule. 

To  the  arithmetical  complement  of  the  logarithm  of  24  hom«,  add 
the  logarithm  of  the  earth's  circumference^  and  the  logarithm  of  I 
hour:  the  sum  of  these  three  logarithms  (abating  10  in  the  index) 
will  be  the  logarithm  of  the  rate  per  hour  at  which  the  inhabitants 
under  the  equator  are  carried  by  the  earth's  diurnal  motion  on  its  axis. 

Exan^le. 

Let  the  circumference  of  the  earth  be'  24873. 5  miles ;  required  the 
rate  per  hour  at  which  the  inhabitants  under  the  equator  are  carried^ 
in  consequence  of  the  earth's  diurnal  motion  ? 

One  dajT)  or  24  hours^  Arith.  comp.  of  its  log.  =  .  .  •  8. 6197888 
Earth's  circumference  =3  •  24873.5  miles  Log.ss  .  4.3957369 
Given  time^  or     .    .    .    \     .     .     1  hour        Log.=      .    0. 0000000 

Rate  per  hour^  in  miles  ==      .     1036.396         Log.=:      •    3.0155257 


Problem  XXVIIL 

2b  find  the  Rate  at  which  the  Inhabitants  under  any  given  Parallel  of 
Latitude  are  carried,  in  consequence  of  the  Earth's  Diurnal  Motkm 
on  its  Atcis. 

Rule. 

The  circumference  of  the  earth  under  the  equator  is  24873. 5  miles ; 
and  since  the  circumference  under  any  parallel  of  latitude  decreases  in 
proportion  to  the  co-sine  of  the  latitude  of  such  parallel, — therefore, 
to  the  logarithm  of  the  earth's  circumference,  under  the  equator,  add 
the  logarithmic  co-sine  of  the  latitude  of  the  given  parallel ;  and  the 
sum  (abating  10  in  the  index)  will  be  the  logarithm  of  the  earth's  cir- 
cumference under  that  parallel :  with  which  proceed  as  directed  in  the 
last  Problem. 

Example, 

Let  the  circumference  of  the  earth  be  24873. 6  miles  j  required  the 
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rate  per  hour  at  which  the  inhabitants  under  the  parallel  of  London  are 
carried  by  the  earth's  motion  on  its  axis  ? 

Circumference  of  the  earth=24873. 5  miles    Log.  s=  •    .    4.39573G9 
Latitude  of  the  parallel  of  London=51  ?3 1 '     Log.  co-sine=9. 79399Q7 


Circum.  under  given  parallel  =    15478. 45     Log.  =  •     •    4. 1897276 
One  day^  or  24  hours^  Arith.  comp.  of  its  log.  ==     •     •     •    8. 6197888 


Rate  per  hour^  in  miles,  as  required=644. 93     Log.  »  .     •    2. 8095 164 

•■  .1 

PROBLElk   XXIX. 

To  find  the  Length  of  the  Tropical  or  SoJar  Year. 

Rule. 

It  has  been  found,  by  observation,  that  the  sun  apparently  advances 
in  the  ecliptic  59'8".33*  of  a  degree  every  day  at  a  mean  rate ;  that 
is,  from  the  time  of  his  leaving  any  given  meridian  to  the  time  of  his 
returning  to  the  same  meridian.  Now,  since  the  ecliptic  is  -a  great 
circle  of  360  degree^, — therefore,  as  the  sun'fi  apparent  diurnal  motion 
in  the  ecliptic,  is  to  1  day,  or  24  hours ;  so  is  the  great  circle  of  360 
degrees,  to  the  true  length  of  the  tropical  or  solar  year ;  that  is,  to 
the  time  of  the  sun's  periodical  revolution  round  the  ecliptic  from  any 
equinoctial  or  solstitial  point  to  the-  same  point  again.  Hence^  by 
logarithms. 

Example. 

The  sun's  daily  motion  in  the  ecliptic  is  59'8^.S3  in  every  natural 
day,  or  24  hours,  at  a  mean  rate  3  required  the  length  of  the  tropical 
or  solar  year  ? 

Sun'sapp.diur.motion5918*'.33,in  8ecs.=3548.33  Log.ar.co,  6. 4499760 
One  day,  or  24  hours,  in  seconds  =  .  86400  Log.  =  4.9365137 
EcUptic,orgreatcircleof  360?  ,insecs.= 1296000    Log.  =3      6. 1 126050 

Lengthofthe  tropical  year, in8econds=31556928  Log.  s      7*4990947 

Hencethetropicalorsolaryearconsistsof 365f5*48T48!,  as  required. 


*  See  Explanatory  Article  (>,  page  304. 
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Problem  XXX. 

To  find  the  Rate  at  which  the  Earth  moves  in  the  Ecliptic  during  the 
fb^e  of  its  Annual  or  Periodical  Revolution  round  the  Sun. 

» 

Rule. 

Sinc^  tbe  earth's  mean  distance  from  the  sun  is  94546196  miles 
(Problem  XXIV.,  page  738),  the  diameter  of  the  orbit  in  which  it 
moves  round  that  great  luminary  is  189092392  miles ;  and  since  the 
diameter  of  a  circle  is  to  its  circumference  in  the  ratio  of  unity  or  I, 
to  3. 14159265,  the  circumference  of  the  earth's  orbit  is  594051320 
miles.  Now,  as  the  earth  describes  this  circumference  in  365  f  5  *  48r48  * 
(last  Problem),  or  8766  hours  nearly,  we  have  the  following  computa- 
tion by  logarithms : — 

As  the  length  of  the  ye^r^  in  bours=:6766  LfOg.  ar*  comp«^6. 0571985 
Istothecircumf.of  the  earth's  orbit= 59405 1320 miles  Log.=8. 7738239 
So  is 1  hour  Log. =0. 0000000 


To  the  earth'shourlymotion  in  its  orbit=67768miles  Log.=:4. 8S10224; 
which  Is  about  141  times  swifter  than  the  ordinary  flight  of  a  cannon- 
baU. 


It      .    ■!■  I ■ 


Problem  XXX]. 

Oiven  the  Moon* 8  Mean  Distance  ftom  the  B$rtk^  wnd  A«r  Appoptni 
Semidiameter,  at  a  Mem  Rate ;  to  find  the  Time  Mtami^  ^  her 
Diameter,  in  English  Miles. 

Rulb. 

It  is  shown  in  page  9,  under  the  head  ^^  Augraeatatipa  of  tb«  Moon's 
Semidiameter,"  that  the  moon's  mean  distance  from  the  earth  is 
236692.35  miles.  Now,  since  her  apparent  semidiameter  is  15143T 
at  a  mean  rate, — therefore,  to  the  logarithm  of  her  mean  distance  from 
the  earthy  add  the  logarithmic  tangent  of  her  apparent  semidiameter; 
and  the  sum  (abating  10  in  the  index)  will  be  the  logarithm  of  the 
moon's  semidiameter  in  English  miles :  the  double  of  which  will  be 
the  measure  of  her  whole  diameter. 

Example. 

Let  the  moon's  distance  from  the  earth  be  236692. 35  miles,  and  her 
semidiameter  15  M3?;  required  the  true  measure  of  her  ^^ft^i^ter  in 
English  miles  ? 
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Moon's jnewdiptaoce from theearthssij36603J35niile8  Log.a5. 3/41842 
Moon's  apparent  semidianieter  ==       15 '43V     Log«  tang.  »  7* 


Moon's  true  semidiameter  =     .     .     1082. 1  miles     Log. =3. 0343738 


True  measure  of  the  moon's  diameter=2164. 2  English  miles. 


Problem  XXXII. 

Given  the  Diameters  of  the  Earth  and  the  Moon  ;  to  find  the  Ratio  of 

their  Magnitudes. 

Note. — ^I'his  is  performed  by  Problem  XXVI,,  page  739. 

Example. 

If  the  earth's  diameter  be  7917.  5  English  miles,  and  that  of  the 
moon  2164. 2  such  miles,  required  the  ratio  of  their  magnitudes  ? 

DUmeter  of  the  earth  =     .     .    7917-5    Thrice  its  log. =11. 6957643     . 
Diameter  of  the  moou  =    .     .    2164. 2    Thrice  its  log.=  10, 0058993 


Ratioof  the  magnitudes  of  the  earth  andmoon=48.96  Lc^.=  1 .  6896721 


Problem  XXXIII. 

To  find  how  much  larger  the  Earth  appears  to  the  Lunar  Inhabitants  than 
the  Moon  appears  to  the  Terrestrial  Inhabitants. 

Rule. 

Since  the  distance  between  the  earth  and  the  moon  is  such  as  to 
caitse  their  opposing  hemispheres  to  appear,  reciprocally  from  each 
other^  like  flat  circles ;  and  since  circles  are  to  one  another  as  the 
squares  of  their  diameters  (Euclid,  Book  XII.,  Prop.  2),  or^  which  in 
the  same  thing,  since  spherical  surfaces  are  to  each  other  as  (he  square 
of  their  radii, — therefore,  from  twice  the  logarithm  of  the  earth's  diar 
meter,  subtract  twice  the  logarithm  of  that  of  the  moonj  and  the 
remainder  v^ill  be  the  logarithm  of  the  number  of  times  that  (he  earth 
appears  larger  to  the  inhabitants  of  the  moon  than  the  moon  does  to 
the  inhabitants  of  the  earth. 

Example. 
The  diameter  of  the  earth  is  7917-5  miles,  and  that  of  the  moqq 
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2164.3  miles ;  reqiiired  how  much  larger  the  earth  qipean  from  &e 
moon  than  the  moon  does  from  the  earth  i 

Diameter  of  the  eartli  =  .     .     .     7917-5     Twice  its  1(^.=7. 7971762 
Diameter  of  the  moon  =        .     .     2164.2    Twice  its  log.=6.67059tf 


Number  oftimestheearthis  larger  than  then  =13.38  Log.=  ].  1265814 


Pbdblbu  XXXIV. 

To  find  the  Height  qfa  Mountain  in  the  Moon. 

Rule. 

When  the  moon  is  viewed  throngh  a  good  telescope,  her  £fice  appetui 
to  be  diversified  with  extensive  ranges  of  remarkably  high  mountains: 
—now,  although  the  present  Problem  may  appear  as  merely  chimerical 
to  the  uninformed  in  astronomy,  yet,  there  is  not  a  more  rational  and 
demonstrable  Problem,  or  proposition,  in  the  whole  range  of  the  mathe- 
matics, as  may  be  seen  in  the  following  operations,  viz.  :— 

In  the  annexed  diagram  let  A  D  B  E  be  ^ 

the  disc  or  foce  of  the  moon  at  the  time  of  ty'^ 

the  qwidraturea  ;  for,  it  is  at  this  time,  or  / 

when  the  moon  is  90  degrees  from  the  sun,  ^' 
that  the  altitudes  of  her  mountains  are  most  i 
easily  determined. 

Let  the  diameter  A  C  B  be  the  boundary  .  ^      ! 

of  light  and  darkness,  and  RT  the  mountain  ^ 

called  St.  Catherine,  the  summit  of  which,  at  the  point  T,  is  just  beginning 
to  be  enlightened  by  the  solar  ray  SAT.  Now,  by  means  of  a  micrometer 
fitted  in  a  suitable  telescope,  the  distance  between  the  points  T  and  A  may 
be  easily  measured ;  and  thus  theirrn/io  will  be  known: — this,  according 
to^eve/iiM  and  other  astronomers,  is  the  ^  part  of  the  diameter  AB,  or 
the  -^  part  of  the  semidiameter  A  C  Now,  we  have  seen  in  the  pre- 
ceding Problem  that  the  value  of  the  semidiameter  C  A,  or  C  R,  is 
1082.  1  miles;  therefore,  agreeably  to  the  above  ratio,  10^.  I-=-13= 
83. 24  miles,  is  the  value  of  T  A  :  then,  in  the  right  angled  triangle 
TAG,  the  legs  are  given;  viz.  C  A=1082. 1  miles,  and  T  A=83.34 
miles  }  to  find  the  hypotbenuse  T  C  ;  from  which  take  away  the  semi- 
diameter C  R  (=  C  A)  and  the  remainder,  or  R  T,  will  be  the  height  of 
the  mountain.  Hence,  by  right  angled  plane  trigonometry,  Problem 
IV.,  page  175,^ 


"C^ 
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As  the  semidiameter  C  As     .     1062. 1      Log.  ar.  coinp«ss6. 0657896 
:  Radius,  or    ......    90?  Log. nines  .  10.0000000 

::thelegTA=s       ....    83.24        Logarithms      1.9203321 


To  the  angle  A  C  T  =     .     .     .    4?23:56r  Log.  tangent  =  8. 


::;^ 


And, 

As  radius,  or     ....    90?  Log.  sine  ar.  eomp.s  10. 0000000 

:  the  semidiameter  C  A=  1082. 1       Logarithm  »     .     .    3.03426/4 
: :  the  angle  A  C  T  =      .     4?23:56r  Log.  secant  =    .     .    0. 0012812 

To  the  hypothenuse  C  T  =  1085. 3    Logarithm  s     .     .    3. 0355486 
Subtract  the  semidiam.CR=  1082. 1 


The  remainder,  or  R  T  =  3. 2  : — ^hence,  the  height  of  the  lunar 

mountain  called  St.  Catherine  is  3^  miles,  or  3  miles,  and  352  yards ; 
and  thus  it  is  manifest  that  the  apparently  paradoxical  Problem  for  deter- 
mining the  height  of  a  mountain  in  the  moon  is  simply  the  resolution 
of  a  plane  right  angled  triangle. 


Problem  XXXV. 

To  find  the  Rate  at  which  the  Moon  revolves  round  her  Orbit. 

Note. — ^This  is  performed  by  Problem  XXX.,  page  742,  as  thus  :— * 

Since  the  moon's  mean  distance  from  the  earth  is  236692.35  miles, 
the  diameter  of  her  orbit  must  be  twice  that  distance,  or  473384. 70 
miles :  hence  its  circumference  is  1487182  miles.  And  since  the  moon 
goes  through  this  circuit,  or  orbit,  in  27^7*^3"5?,  her  hourly  motion 
may  be  determined  in  the  following  manner ;  viz., 

Asonelunation=27^7-43*5!,insecs.=2360585  Log.ar.co.=3. 6269804 
Is  to  the  circumference  of  the  moon's  orbit=  148/182  Log.=6. 172ti641 
So  is  one  hour,  in  seconds  -=       ....    3600      Log.=:3. 5563025 

To  the  moon's  hourly  motion  in  her  orbit=2268  miles  Log.s3. 3556470 

»      ■  '       '  '  '  ■  ■  ■■  t  ■  II     n 

Problem  XXXVI. 

« 

To  find  the  Mean  Distance  of  a  Planet  from  the  Sun. 

RuLe. 
It  has  been  demonstrated,  by  the  celebrated  Kepler^  that  if  two  or 
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more  bodies  move  round  auother  body  aa  their  oommoo  ecntre  of 
IQOtion,  the  squares  of  their  periodical  times  will  be  to  each  ofber  in 
the  same  proportion  as  the  cubes  of  their  mean  distances  from  the 
central  body ;  and  hence  the  following  rule  : — 

As  the  square  of  the  earth's  periodical  or  annual  motion  round  the 
sun,  is  to  the  cube  of  its  mean  distance  from  that  luminary ;  so  is  the 
square  of  any  other  planet's  periodical  revolution  round  the  sun,  to 
the  eube  of  its  mean  distance  therefrom  i  the  root  of  which  will  be  the 
distance  sought. 

Example. 

The  earth's  periodical  or  annual  motion  round  the  sun  is  completed 
in  365  days,  5  hours,  48  minutes,  48  seconds,  and  that  of  Venus  in  224 
days,  16  hours,  49  minutes,  11  seconds.  Now,  if  the  earth's  mean 
distance  from  the  sun  be  94546196  miles,  what  is  Venns's  distance 
from  that  luminary  ? 

Earth's  periodical  revolution 

365f5*48r48',in  secs.31556928  Ar.co.of  twice  its  log.=5. 0018106 
Earth's  mn.dist.fromsun,inmiles=94546196  Thrice  its  log.  23. 9269323 
Venu8'sper.rev.224n6*49Tl  I  f, in  sees.  194l4151T\iicelog.  14.5762368 


Reject  20.  from  index;  a|id»  to  extract  the  root,  divide  by  3)  23. 5049797 


Venus's  mean  distance  from  sun,in  miles =68300096  Log.=s7. 83499321 


PR03LBM  XXXYII. 

7b  find  how  much  more  Heat  and  Light  the  Planets  adjacent  to  the  Stm 
receive  from  that  Luminary  than  those  which  are  more  remote. 

Since  the  effects  of  heat  and  light  are  reciprocally  proportional  to 
the  squares  of  the  distances  from  the  centre  whence  they  are  generated, 
-^-dierefore,  from  twice  the  logarithm  of  the  remote  planet's  distance 
from  the  sun,  subtract  twice  the  logarithm  of  the  adjacent  planet's 
distance  therefrom ;  and  the  remainder  will  be  the  logarithm  of  the 
number  of  times  that  the  planet  adjacent  to  the  sun  is  hotter  and  more 
luminous  than  that  which  is  more  remote. 

Example. 
If  the  garth's  distance  froni  tlie  sim  be  94546196  miles,  and  th»t  of 
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Venus  68390098  miles,  required  how  much  more  heat  and  light  the 
latter  planet  receives  from  the  sun  than  tb^  former  ? 

Earth'8mea|]di8t.from^ung«94546196mUe8  Twiceiislog.s  15, 0512882 
Veuus's  ditto  =68390098  miles  Twice  its  log.  :==  15. 8G99865 


Heat&Ugbt  Venue  recdves  more  than  the  earth  ^b  1^5  Log,  0. 0813017 


Phoblbm  XXXVIII, 

Givmi  the  Aj^rent  Diameter  of  a  Planet ;  to  find  the  Afeasure  of  if 9 

true  Diameter  n 

Rule. 

Find  the  difference  between  the  earth's  and  the  planet's  mean  dis- 
tances from  the  sun,  and  it  will  show  the  planet's  mean  distance  from 
the  earth ;  with  which  and  the  planet's  apparent  semidiameter,  compute 
her  true  diameter,  by  Problem  XXXI.,  page  742. 

Eaantfile. 

Let  the  earth's  distance  from  the  sun  be  94546196  English  miles, 
that  of  Venus  68390098  such  miles,  and  her  apparent  diameter  58^.79 ; 
required  the  true  measure  of  her  diameter,  in  English  mile0  ? 

Earth's  distance  from  the  suns=94546196  mile^ 
Venus's  ditto  =68390098  miles 


Venua's  mei^n  dist, from  eartbs326156096  miles  JjOg.  ==    ,    7«  4175729 
Venus's  apparent  semidiameters=*29''-395  Log.  timg.^6. 153788& 

■  PI 

Venus's  true  scmidiameter  =       .     3727  miles  Log.  =    .     3.5713614 

True  measure  of  Venus's  diameter=7454  "English  miles. 

Note, — If  the  ratio  of  the  magnitudes  ef  the  eavth  and  Venus  be  re- 
quired, it  may  be  determined  by  Problem  XXVI.,  page  739 ;  as  thus,— 

Diameter  of  the  earth  =      7917. 5  miles     Thrice  its  log.  =  11. 6957643 
Piameter  of  Venus  =?     .    7454      miles    Thrice  ito  lQg,= 11 .  6171682 

Ratio  of  the  magnitudes  of  the  earth  and  Venus  ==  1 . 1 98  Log.  acO.  0785961 

The  velocity  or  rate  at  which  a  planet  moves  round  its  orbit  may  be 
determined  by  Problem  XXX.,  page  742. 
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Problem  XXXIX. 
Tojind  the  Ti$ne  thai  the  Sun  iaka  to  tumrtmndits  Axis. 

Rule. 

If  the  bright  face  of  the  sun  be  carefully  observed  through  a  good 
telescope,  large  black  spots  will  be  found  to  make  their  appearance  on 
its  eastern  limb :  from  this  they  gradually  advance  to  the  middle  of 
the  disc^  and  thence  to  the  western  Itmb^  where  they  disappear.  After 
being  absent  for  nearly  the  same  period  of  time  that  they  were  visible, 
they  will  be  observed  to  appear  agidn  on  the  eastern  limb  as  at  ta^ti 
thus  finishing  their  career  in  27  days^  12  hours^  ^d20  minutes.  Call 
this  time  the  observed  interval. 

Find  the  number  of  degrees  and  parts  of  a  degree  that  the  earth  has 
moved  eastward  in  the  ecliptic  during  that  interval^  in  the  following 
manner;  viz., 

As  the  earth's  annual  motion 

round  the  8un=:365f5M8T48',insecs.31556928Log.ar.coi2. 5009063 
Istoeclip.,or  great  circle  of  360%  in  sees.  1296000  Log.  s  6. 1 126050 
Soistheobs.interv.:=27112^20!,insecs.  2377200 Log. .«     6.3760657 


Earth's  adv.  in  ecliptic  during  obs.  interv.  ^97628".  Log.  =     4. 9696760 


Ditto,  in  degrees  and  parts  of  a  degree=27*7'8^ 

Now,  as  360  degrees,  augmented  by  the  earth's  advance  in  the 
ecliptic  during  the  observed  interval,  thus  found,  is  to  the  observed 
Interval ;  so  is  the  great  circle  of  360  degrees,  to  the  absolute  time  of 
the  sun's  rotatory  motion  on  its  axis ;  thus  :— 

As 360?  +27?7'8^'=:387^7-8r,in  secs.=1393628  Log.ar.co.  3. 8558532 
Is  to  the  obs.  int.=27'  12*20r,in  sec8.=2377200  Log.  =  6. 3760657 
So  is  the  great  circle  of  360?   in  secs.= 1296000  Log.  »      6.  J 126050 


To  the  time  of  the  sun's  rotatorymotion=2210670f  Log.  =      6. 3445239 


Ditto,  in  days  and  parts  of  a  day  =  25f  14*4T30?  ;  which,  theriefore, 
is  the  true  time  that  the  sun  takes  to  turn  round  once  upon  its  axis, 
as  required. 
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Problem  XL. 

To  find  how  Umg  it  would  take  the  Sun  to  perform  one  complete  Rewlution 
round  the  Earth  ;  on  the  mistaken  hypothesis  that  the  Earth  is  at  rest 
and  the  Heavenly  Bodies  in  motion  moving  round  it. 

Rule. 

It  is  a  universal  law  in  Nature  that,  if  two  or  more  bodies  revolve 
round  another  body  as  their  common  centre  of  motion;  the  squares  of 
their  periodical  times  of  revolution  will  be  to  each  other^  in  the  same 
proportion,  as  the  cubes  of  their  distances  from  the  central  body.— - 
See  Problem  XXXVf^  page  745. 

Now,  let  the  earth  be  at  resty  and  the  sun  and  moon  in  motion  per- 
forming periodical  revolutions  round  it :— then,  since  the  distances  of. 
those  luminaries  from  the  earth,  as  a  central  body,  are  known,  and 
also  the  periodical  revolution  of  the  moon  round  that  central  body ;  the 
periodical  revolution  of  the  sun  round  the  same  body  may  be  readily 
determined  agreeably  to  the  above  expression  by  saying, — ^As  the  cube 
of  the  moon's  distance  from  the  earth  is  to  the  square  of  her  periodical 
revolution,  so  is  the  cube  of  the  sun's  distance  from  the  earth  to  the 
square  of  its  periodical  revolution  ;  the  root  of  which  will  be  the  exact 
time  that  it  would  take  the  sun  to  revolve  once  round  the  earth* 

Since  the  moon  performs  one  complete  revolution  round  the  earth, 
with  respect  to  the  fixed  stars,  in  27  days,  7  Hours,  43  minutes,  5 
seconds  ;  which,  when  the  hours  &c.  are  reduced  to  decimals,  is  27^3216 
days,  and  that  her  mean  distance  from  the  earth  (page  34)  is  237726^ 
English  miles  ;  and,  since  the  sun's  mean  distance  from  the  earth  is 
95328955  English  miles,  its  periodical  revolution  may,  therefore,  be 
easily  computed  by  logarithms ;  as  thus, — 

Moon's  dist.  from  the  earth=:237726i  Thriceitslog.ar.com.  3. 8/17702 
Moon's  periodical  revolution=27.3216  Twice  its  log.  s  .  2. 8/30122 
Sun's  dist.  from  the  earth=  95328955  Thrice  its  log.  =  .  23. 9376/44 


Sum  =   10. 682^568 


Sun's  periodical  revolution  =  219396  days     Log.  =  •     •    5.3412284 

Hence,  it  is  clearly  evident  that  the  sun  would  require  the  long  period 
of  219396  days,  or  601  years  and  31  days,  to  perform  one  complete 
revolution  round  the  globe  on  which  we  live !  which  period  would  also 
be  the  correct  length  of  the  solar  day ;  for,  during  that  time  the  sun 
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could  not  riie  in  the  east  and  set  in  the  we$t  more  than  once.  And  thus, 
while  the  great  luminary  of  heaven  wouM  be  continually  visible,  or 
never  set,  during  the  space  of  300  years,  6  months,  15  days,  to  the  in- 
habitants of  one-half  of  the  ^urth ;  it  would  be  invisible;  o^  iiersr  Htep 
for  an  equal  length  of  time  to  the  inhabitants  on  the  Opposite  half  of 
the  earth.  One  hemisphere  would  be  blessed  with  the  cheerful  presence 
of  day-light  for  an  uninterrupted  period  of  more  than  three  centuries ; 
whilst  the  other  would  be  involved  In  continual  darkness, — in  the 
cheerless  gloom  of  a  dreary  nighty — for  more  than  ten  genemtione  at  a 
time.  But,  thanks  to  Infinite  Wisdom !  things  have  been  more  rationally 
ordained  x  and  thus  the  earth,  by  a  silent  rotatory  motion  round  its 
axis  from  west  tp  east,  easily  effects  that  grateful  return  of  Hghi  and 
dark  once  in  24  hours, — in  all  parts  that  do  not  come  within  the  circles 
of  perpetual  apparition,*-^which  could  Aot  be  effected  by  the  sun  in  a 
ItM  spaet  of  tiftae  than  six  hundred  and  one  years  and  thirty*  one  daya. 
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Loadon :  Priftted  by  If  llli  amI  Son, 
Ovngh-iqMrpj  PIteC'ttrefl. 
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